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Abstract
Evolution education in secondary education has long been a topic of research. The level of
knowledge and acceptance of students upon entering college has been studied using various
methods; however, no study had provided the perception of preparedness from the student
perspective nor had analyzed the individual Natural Selection principles. This study analyzed
college freshmen (n=162) in an entry-level BIO 101 course. Participants were given the
Conceptual Inventory of Natural Selection Instrument (CINSI) and perception survey questions
upon completion of the course. The CINSI data was then analyzed for each of the four Natural
Selection principles as well as overall evolution concept and analyzed against the level of
preparation students perceived they had received in high school biology for those areas. The
study had five research questions; four regarding each Natural Selection principles, then a fifth
regarding evolution as an overall concept. Of the five hypotheses, four were accepted with
statistical significance, using Wilcoxon sign-ranked test. The only rejected hypotheses was
regarding reproductive success principle of Natural Selection. This study concluded that students
do not perceive themselves to be well-prepared in high school biology and that, while they
averaged a failing grade on each principle and overall concept of the CINSI, there are certain
principles they do perform better on than others. Recommendations and limitations are also
discussed.

Keywords: evolution, natural selection, perceived preparedness, variation, inheritance,
overproduction, reproductive success
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Chapter 1: Introduction

The question of human existence has plagued the minds of philosophers and researchers
alike for centuries. Human beings appear to have an inherent desire to understand why they were
created and where they come from. For centuries the prevailing thought about human beings, and
all other species, was that they were fixed and unchanging. At the time, Earth was believed to be
only about 6-7,000 years old and all species were to have been placed on Earth, whole cloth.
However, these beliefs were disrupted in the mid-1800’s when Charles Darwin published his
work On the Origin of Species by Means of Natural Selection in 1859. Darwin was a naturalist
who had studied theology at Christ’s College in Cambridge and was an unlikely character to
publish such a profound scientific work.
Throughout Darwin’s journey aboard the HMS Beagle, he traveled to various islands and
began collecting specimens, fossils, and other evidence which would change biological studies
forever. As Darwin made observations, he began to question the static nature of species (Darwin,
1859). Darwin noted that fossils of ancient species closely resembled current species and that
within populations of a species, individuals had variations among them. More famously, Darwin
observed various birds that he initially believed were different species due to their specialized
design of beaks and unique methods of acquiring food, only to later be informed that these were,
in fact, all finches. These finches had all adapted in ways to avoid direct competition with one
another for resources. Darwin had also done a great deal of research on domesticated species that
he referred to as “species in confinement” in his writings (Darwin, 1859). In these species,
Darwin noted that breeders or farmers could select the traits that were deemed desirable and
promote those traits through reproduction. Putting the pieces together, Darwin posed that if
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breeders could act on species and change them, then perhaps nature could as well and that, given
enough time, this could lead to new species (Darwin, 1859).
Darwin understood that these ideas would be controversial and had the potential to
disrupt the current ideas of the day. Therefore, Darwin waited to publish his work for nearly two
decades and continued to add to the breadth of the work in the meantime. When Alfred Wallace,
a fellow naturalist, sent Darwin some of his work for review, Darwin recognized that Wallace
was quickly coming to the same conclusions that he, himself, had years before. Together, they
corresponded and shared notes until they published their work on the same day, mentioning each
other in their acknowledgements (Darwin, 1859). Their research provided a strong enough body
of evidence, that it demanded the scientific community take note.
At the time of his publication, Darwin had no knowledge of genetics, Deoxyribonucleic
Acid (DNA), or microbiology; however, his observations and writings provided insight into
aspects of fields of study that would not be founded, in some cases, for many decades to come.
Through the advent of these other fields, Darwin’s work came under scrutiny time and time
again. Yet as each new field placed Darwin’s work under fire, his work continued to rise only
more heavily supported by the field and further research. The structure of DNA would not be
formally mastered until the work of James Watson and Francis Crick in 1953. With their DNA
model, the understanding of how DNA is faithfully replicated could finally be unlocked. The
study of replication then led scientists to see how mutations could enter the genetic code of an
individual. While mutations are a random change to the DNA, they lead to each individual
having a different genetic code to anyone else in the population. This change in DNA could
mean the difference of survival or death, depending on the population and the environment.
Darwin saw this difference among the species he studied and, though it would be another century
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before DNA’s discovery, he predicted that variation was among individuals of a species and that
this variation was inherited.
Darwin (1859) outlined four major principles that he believed all species followed. The
first principle is that of variation wherein all individuals within a population of a specific species
have different, varying traits from one another. Like the finches that Darwin observed: some had
larger beaks useful for cracking nuts while others had more slender beaks used for catching
insects. The second principle is inheritance, meaning that specific traits are inherited or passed
down faithfully from parent to offspring. Traits that are acquired during a lifetime are of little
importance in Darwin’s work. The third principle is overproduction where there are more
offspring produced than resources to provide for them. This enters a struggle for survival that
places pressures on a population. The final principle is reproductive success, where if a trait aids
in that individual’s ability to survive to reproductive age and reproduce, the trait will be
maintained and passed down (Darwin, 1859).
Though Darwin’s work was published in 1859, multiple fields of study support many of
his findings, and his theory is widely accepted in the scientific community, it has been a long
journey toward public acceptance of his work. From the Scopes Monkey Trial of 1925 in
Tennessee to Kitzmiller v. The Dover Area School District of 2005 in Pennsylvania, evolution
education has been a judicial tug-of-war with scientists on one side encouraging deeper
understanding of natural selection principles and creationists, on the other side, working to keep
evolution out of education, insisting on divine creation (Plank, 2006). The judicial struggle has
produced generations of students, educators, and civilians that lack essential understanding of the
nature of science as well as evolution principles. Because of this lack of understanding, the
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scientific community has been stagnated in development and the fight persists to keep evolution
education in classrooms (Ban, 2011; Gerking, 2003;).
Research shows that as acceptance of evolution concepts increases, so does the time a
biology teacher spends on teaching the topic to students (Aguillard, 1999; Bandoli, 2008; Köse,
2010; Rice, 2012; Rutledge & Warden, 1999). Teachers that show an increase in knowledge of
natural selection principles show a higher rate of acceptance of the theory of evolution despite
any previous knowledge or religious affinities (Trani, 2004). As teachers foster their own
understanding and acceptance of evolution alongside their religious beliefs, they can begin to
develop a sliding scale of acceptance for their students. A pedagogy of difference allows teachers
and students to adapt varying degrees of evolution and religious beliefs instead of the extremes
that suggest only atheistic or special creation possibilities (Owens, Pear, Alexander, Reiss, &
Tal, 2018). However, for the time being, this struggle still exists and is having negative effects
on students and future science degree graduates (Moore, Mitchell, & Bally, 2002; Moore,
Brooks, & Cotner, 2011).
Context
Teachers showing a lack of knowledge or acceptance of evolution is felt by students and
directly affects their own knowledge and acceptance. The instruction students receive in lower
education and high school is related to the student’s success in post-secondary education biology
courses, of which evolution and natural selection principles are a part (Rutledge & Sadler, 2011).
Teachers who reported having inadequate knowledge of evolution, themselves, allocated less
time to the topic in the classroom (Aguillard, 1999). In Turkey, biology teachers were found to
overwhelming reject the theory of evolution by means of natural selection because of their
religious beliefs. This rejection then directly correlated to the reduced amount of time spent on
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the topic in secondary education (Köse, 2010). In conservative, deeply religious communities
teachers needed to find more adaptive ways of addressing the theory of evolution because
without it, teachers were less likely to spend the necessary time on evolution that students needed
(Bramschreiber, 2013). A study of Christian university students found that many who struggled
with acceptance or understanding of evolution cited the ambiguous messages they received from
authority figures such as educators in secondary or lower education (Chamberlain, 2015).
Under the instruction of these teachers, students are receiving either less instruction than
necessary or misconceptions about the theory of evolution and the nature of science that then
persist into college life (Holloway, 2010). Students appear to enter college with little to no
background knowledge of evolution and the knowledge they do have tends to be based more on
misconception than truth. These misconceptions paired with the teaching of creationist themes
alongside evolution have shown to lower student performance on evolution exams (Moore et al.,
2011). Conversely, students who arrived at college with a deeper understanding of and
acceptance for the theory of evolution tended to have a higher acceptance and performance than
other students within biology courses. The students’ knowledge and attitudes regarding evolution
were directly correlated with their performance (Carter et al., 2015). Prior knowledge has shown
to be a strong indicator of success within science fields in post-secondary institutions and failure
or dropout rates from science majors are a direct result of prior knowledge (Binder et al., 2019).
Natural selection principles appear to be a more challenging aspect of evolution for
students to grasp (Tibell & Harms, 2017). Tibell and Harms (2017) work describes the
randomness and probabilities of change as only a few of the concepts that prove difficult for
students to grasp. Due to their findings, Tibell and Harms suggest that when educators are
teaching evolution, that they focus explicitly on natural selection principles and complexities in
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further detail to dissolve student misconceptions. Furthermore, their research suggests a review
of visualizations and materials being used by educators. The goal of the review being to unify the
tools and materials being used and to more clearly define the complexities of natural selection
principles (Tibell & Harms, 2017).
If students are to be encouraged to enter biology majors or any life science and have a
higher chance of being successful within this course work, students need to be as properly
exposed to the concepts of natural selection and evolution as possible (Doerschuk et al., 2016;
Loehr et al., 2012). As teachers increase their own level of knowledge and acceptance
surrounding evolution, their time spent on teaching the material will most likely increase.
Students should then have a better understanding of the concept as they enter college courses
(BouJaoude & Guiliano, 1994).
Purpose of the Study
This quantitative study seeks to analyze the impact high school natural selection
instruction has on the preparedness of college freshmen enrolled in an entry-level biology course.
Students will have received varying degrees of prior instruction on natural selection principles
from their secondary education teachers. This prior knowledge has an impact on their
achievement on the natural selection principles taught at the college level. This study will
analyze the four natural selection principles individually to provide insight on student knowledge
of each principle thereby informing potential changes in science curriculums based on student
need.
College freshmen will be asked to complete the Conceptual Inventory of Natural
Selection Instrument (CINSI) that will assess their knowledge of the Theory of Natural Selection
(Anderson et al., 2002). Next, students will be asked survey questions regarding their belief of
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preparedness on natural selection principles prior to entering college. Then students will answer
descriptive questions regarding their high school education and perception of teacher acceptance
of the theory of natural selection. Finally, students will be asked to supply the grade they predict
they have earned on the CINSI assessment.
With this data, the study seeks to discover if there is a relationship between college
evolutionary biology success with the student’s prior knowledge and preparation from high
school science instruction. If such a relationship exists, the future goal is to analyze the depth of
that relationship. If a difference is found between a particular natural selection principle and
lower academic achievement on the CINSI than other principles, then this difference could be an
area for future research as well as development of supplemental support for high school science
educators.
Theoretical Framework Guiding Research
Research has shown that a person’s metacognitive abilities may be an indicator of
acceptance of new information, namely on evolution theory (Cubukcu, 2009; Tickoo, 2012).
Tickoo (2012) states that metacognition is the ability to analyze one’s own way of thinking on a
subject and having the ability to adapt or reshape one’s way of thinking. In this, each person is
called to challenge their preconceptions in light of new data or material. Tickoo found that
understanding a person’s metacognitive abilities can indicate their acceptance of new ideas. For
example, regarding evolution, if a person grew up with a creationist understanding of human
existence then is exposed to evolution later in life, should that person have higher metacognition,
they are more likely to come into acceptance of that new knowledge, if presented fully and
accurately. However, if a person has relatively low metacognition, then they will likely reject the
new information no matter how well presented it may be. Because of this, Tickoo suggested that
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education at all levels promote reflective thinking skills to promote higher metacognitive abilities
(Tickoo, 2012). In light of newer research or information, metacognition encourages learners to
move from prior thought into new (Tickoo, 2012).
Initially, scientists believed that life could appear from non-living entities. This idea was
called “spontaneous generation” wherein a pile of rags in the corner of a barn could bring about
living mice. However, it was not until Louis Pasteur’s swan neck flask experiments that
scientists finally abandoned spontaneous generation for the theory of biogenesis. If a student
were to continue the belief in spontaneous generation simply because he saw mice coming from
a pile of rags in a barn, he would be encouraged to apply what he knows about living things and
their origins to the event he has witnessed instead of being allowed to continue assuming that the
rags gave rise to the mice.
Furthermore, Sinatra et al. (2003) found that undergraduate students who believed
knowledge was more adaptive, ever-changing and had open-minded views on education were
more likely to accept new information and, ultimately, accept evolution theory. Their research
reviewed student’s relationship between knowledge beliefs and topics such as evolution (animal
and human) and photosynthesis education. While the researchers found no clear relationship
between the three science topics and knowledge beliefs, they maintain that cognitive ability and
beliefs about knowledge be more closely considered when facing potentially controversial topics,
such as biological evolution (Sinatra et al., 2003).
Research Questions & Hypotheses
The overarching research premise of this study is how prepared do college freshmen
believe they are to enter a college level biology course of which they are assessed over evolution
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and natural selection principles. This study will propose the following research questions and
hypotheses:
RQ1: Are college freshmen prepared for the natural selection principle of variation as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
H1. There will be a statistically significant difference between the grade earned on the
CINSI assessment for variation principle and the perception of preparation of the college
freshmen.
RQ2: Are college freshmen prepared for the natural selection principle of inheritance as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
H2. There will be a statistically significant difference between the grade earned on the
CINSI assessment for inheritance principle and the perception of preparation of the college
freshmen.
RQ3: Are college freshmen prepared for the natural selection principle of overproduction
as evidenced by their grade earned on the variation portion of the CINSI assessment compared
with their perception of high school preparation?
H3. There will be a statistically significant difference between the grade earned on the
CINSI assessment for overproduction principle and the perception of preparation of the college
freshmen.

10
RQ4: Are college freshmen prepared for the natural selection principle of reproductive
success as evidenced by their grade earned on the variation portion of the CINSI assessment
compared with their perception of high school preparation?
H4. There will be a statistically significant difference between the grade earned on the
CINSI assessment for reproductive success principle and the perception of preparation of the
college freshmen.
RQ5: Are college freshmen prepared for evolution by means of natural selection as
evidenced by their grade earned on the overall concept portion of the CINSI assessment
compared with their perception of high school preparation?
H5. There will be a statistically significant difference between grade earned on CINSI
assessment for overall concept and the perception of preparedness on natural selection as a
whole.
Significance of the Study
The gap that exists in the current research is that of student perspectives on their
preparedness upon entering a college biology class. Research has been used to measure student
knowledge of evolution and their acceptance of the theory, but not their perception of how well
their high school biology teachers prepared them for college biology (Anderson et al., 2002;
Nadelson & Sinatra, 2008; Nadelson & Southerland, 2009). The Knowledge of Evolution Exam
(KEE) and the Measure of the Acceptance of the Theory of Evolution (MATE) instruments have
been highlighted throughout this document; however, this study seeks to understand college
freshmen’s assessment of their high school preparation. Also, the literature has a gap in
addressing the individual principles of natural selection. Darwin outlined these main principles
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as the foundation from which natural selection and evolution radiate. Therefore, without proper
understanding of these principles, grasping the concepts of natural selection or evolution will be
lost. The principles of variation, inheritance, overproduction, and reproductive success are not
addressed individually within the literature. With this data, educators and potentially curriculum
advisors can design new, innovative ways of addressing the lost knowledge for each necessary
principle. This study proposes to fill this gap by asking students their perceived level of
preparation on each of the four principles and measure that against their scores on the CINSI.
Then students will also be asked their perceived level of preparation on the overall concept of
evolution and natural selection which will also be measured against CINSI scores. The research
collected may help inform future research as well as future developments in science curriculums.
The need for this research is based on previous literature that shows the negative
consequences that a lack of evolution knowledge can have on students when entering biology
courses in college (Binder et al., 2019; Carter et al., 2015; Holloway, 2010; Moore et al., 2011;
Rutledge & Sadler, 2011). Students who believe they are well-prepared, it is predicted, will have
a better outcome in their entry-level biology course. Further need to address each of the four
principles is to understand which, if any, of the principles are more of a challenge than others. If
certain principles are more challenging for students, this can be further addressed in curriculums
for high school biology classrooms.
List of Definitions and Terms
Creationism- The Biblical, Christian story of creation as presented in the Book of
Genesis, which includes how a deity created all manner of creatures and living things on Earth in
a matter of days (Moore, 2008).
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Entry-level- For the purposes of this study, “entry-level” pertains to students who have
completed the BIO 101 course from Murray State University.
Evolution- For the purposes of this study, the term “evolution” refers to biological
evolution, which is the change in a species over time.
Grade Earned- The grade given by a professor upon the completion of the semester
course. Grades according to Murray State University guidelines are (100-90, A, 89-80, B, 79-70,
C)
Natural Selection- According to National Geographic Encyclopedia, “Natural selection is
the process through which species adapt to their environments. It is the engine that drives
evolution.” (copied from: www.nationalgeographic.org/encyclopedia/natural-selection/)
Nature of Science (NOS)- The NOS is a basic knowledge of what science is and how
science works (Rice, 2012).
Preparedness- For the purposes of this study, “preparedness” means students possess a
basic content knowledge and a mild to strong sense of confidence in the subject area.
Prior Knowledge- For the purposes of this study, “prior knowledge” is any understanding
of the content received before entering the BIO 101 course.
Theory- For the purposes of this study, “theory” means scientific theory which is defined
as a uniformed collection of observations and proposed explanations for natural phenomenon
repeatedly confirmed through continuous experimentation and observations.
Summary
In summary, prior knowledge is one of the highest indicators of future success within a
course (BouJaoude & Guiliano, 1994). Because of this, the preparation on natural selection
principles for students before entering a freshmen level biology course is crucial to the potential
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success of each student in Bio 101. This study seeks to analyze the preparedness of college
freshmen following the completion of an entry-level biology course. The quantitative study will
examine the grade earned by the student on the CINSI assessment as well as their perception of
preparedness upon entering the course. This study hopes to determine any discrepancies in
preparation among the four principles of as well as the overall concept of natural selection. With
this, the overall goal of the study is to inform future educators of student needs regarding the
understanding of natural selection.
Chapter 2 of this study will examine the current literature on the areas of natural selection
and discuss the findings of other research on teacher and student knowledge and acceptance of
the theory of natural selection as well as its principles.
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Chapter 2: Literature Review

The Theory of Natural Selection first proposed by Charles Darwin in 1859 propelled the
scientific community into a need to understand where species derived. Previously, scientists
believed that species were fixed, but Darwin’s work inferred a relationship among species.
Through the advent of genetics, microbiology, and the discovery of DNA, the argument for
Darwin’s work has only strengthened. Even though the scientific community has accepted
Darwin’s theory for many decades, the public’s acceptance of the implications of his work are
still a point of contention. This contention has led to countless legal battles and curriculum
changes due to some within the public seeking the teaching of divine creation instead of
evolution. The fractured comprehension of the nature of science and evolutionary concepts by
the general public over the last few decades is indicative of this conflict. This chapter presents an
analysis of the current literature on the legal battles, struggles within education, and the
implications of this conflict.
Background
Evolution by means of natural selection is a cornerstone of biological concepts and
education (White, 2011). Biology is the study of living organisms and the study of evolution
examines how those organisms change over time. Evolution, itself, however, is the product
whereas natural selection is the process. When Charles Darwin wrote his famous On the Origin
of Species by means of Natural Selection in 1859, the word “evolution” did not appear until the
last page. Darwin was clear throughout the text that the mechanism of evolution is embedded in
the natural selection principles that he laid out (Darwin, 1859). Since publication, the birth of
genetics and microbiology branches of science as well as fossil discoveries have only supported
Darwin’s work and elevated it to the status of scientific theory. Although Darwin’s theory has
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been continually criticized, it remains a central theme in biology and taught in biology
classrooms to this day (McKay, 2013; Plank, 2006; Rice, 2012).
According to Darwin’s work on evolution by natural selection, there are four basic
principles that all living organisms within populations follow. Those principles can be
summarized as variation, inheritance, overproduction, and reproductive success.
Variation
Darwin described the first principle he observed as variation, meaning that all organisms
within any population have various, different traits (Darwin, 1859). For example, some trees
have broader leaves than others within their same population or that some bird’s feathers are
more brightly colored than their cohorts. Within humans, this variation can be observed outright
by the differences among human traits or more subtly by human immunity or the probability of
developing a particular disease over another.
Using the Conceptual Inventory of Natural Selection Instrument (CINSI), students will be
asked questions regarding where differences among individuals within a population exist and
how they come about (Anderson et al., 2002). Students who have mastered this principle will be
able to correctly identify variation as slow changes that occur in a population over time and may
provide an individual with an advantage or disadvantage within their environment. Students
should also demonstrate knowledge that, while mutation is a possible source for variation,
mutations are random, rare events and that sexual reproduction is the largest source of genetic
variation among individuals within a population (Anderson et al., 2002).
Inheritance
The second principle, Darwin explained, is that of inheritance. The traits that made
individuals different within their population must also be inherited from their “parent” generation
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(Darwin, 1859). If the trait is not inherited, then that trait may happen through acquisition or
development or perhaps through random means, but it will not be subject to the same pressures
as inherited traits. Examples of inherited traits include height or eye color in humans or the bird
having brighter colored feathers like its parent.
Students taking the CINSI will show mastery of this principle by answering that certain
traits are passed down through generations while learned behaviors are not (Anderson et al.,
2002). Questions might ask about bird behavior and nesting rituals which are learned behavior or
perhaps even instinct, but not the result of inheritance and natural selection. Other questions may
ask about where traits arise from within a population. These questions require students to
combine their understanding of variation and inheritance in the development of and passing
down of various traits.
Overproduction
The third principle of natural selection could be described as overproduction. This is
where the “survival of the fittest” concept arises. Overproduction refers to there being more
offspring within a population than there are resources (Darwin, 1859). This struggle for existence
appears in nearly every, living population. Without that struggle, there can be no clear indication
as to the victor. The traits that the individual has inherited will either aid in its survival or impede
its ability to survive and pass down those traits to future generations (Darwin, 1859). For
example, the trees with broader leaves have the ability to capture more sunlight and therefore
perform photosynthesis more efficiently than others who might struggle to have access.
Questions from the CINS instrument that will gauge a student’s knowledge of the
overproduction principle ask about resources and the size of the species’ population (Anderson et
al., 2002). If students can determine that, under circumstances with unlimited resources,
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populations will forever increase, but, under circumstances with limited resources, some within
the population will struggle to survive and many may perish, then students will show knowledge
of this principle.
Reproductive Success
The fourth and final principle of natural selection that Darwin describes is that of
reproductive success (Darwin, 1859). This concept explains that, if an organism within a
population has inherited traits that allow them to survive and have greater access to resources,
then that individual is more likely to live to reproductive age and pass along those traits to its
offspring. This success is a measure of fitness for that individual (Darwin, 1859). For example,
the birds with more brightly colored feathers are more likely to attract a mate since bird
populations are likely to find brightly colored males more attractive than dull colored males, as
their plumage is a reflection of their health. Therefore, the bright colored plumage persists and is
passed on to future generations. The offspring of these birds will be more likely to reach
reproductive age themselves and reproduce, due to their advantage of bright plumage.
In the CINSI, students are asked to measure the level of fitness of a particular individual
within a population of lizards. Students should select the lizard with the most viable offspring as
being the most fit (Anderson et al., 2002). Individuals within a population who reach
reproductive age and produce viable offspring who, in turn, also make it to reproductive age
shows a high level of fitness and reproductive success.
Background
Through this process of natural selection, Darwin poses that populations change over
time and evolution is the result of those changes. Given enough time, Darwin predicted that
species could change enough to become another species altogether (Darwin, 1859). The selection
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process performed by nature is much like that of a breeder who seeks particular traits among a
species. Greyhound dogs and Thoroughbred horses are bred for their speed whereas show dogs
are bred for their purity and beauty. Darwin believed that nature also makes a selection for
particular traits within a given environment (Darwin, 1859). While polar bears are best suited for
their cold tundra, a camel is equally well suited for the desert. However, if we switched their
environments, neither would likely survive. Furthermore, the polar bear experiencing a warmer,
shorter winter will struggle to survive and will be forced to adapt or perish under changing
environmental conditions. Those polar bears who possess the traits necessary for their survival
will be successful and therefore, breed and pass on those traits. This, Darwin believed, is how
species evolved based on the nature in which they exist (Darwin, 1859).
Biological Education
Evolution by means of natural selection is a biological process that explains the diversity
of life and complexity of organisms on the planet (Bramschreiber, 2013). Evolution is a primary
example of the nature of science (Bramschreiber, 2013). Its ability to be revised and peerreviewed over 150 years and remain steadfast is a true testament to the significance of Darwin’s
work (Bramschreiber, 2013). The teaching of evolution, therefore, is essential in biology
education and provides a framework on which much of modern biology is built (Stern, 2004).
While most biologists agree that evolution is the explanation of diversified life, the public
opinion on the topic is still fractured. Evolution is a unifying theme in all of biology but its
wrongful interpretation by the public presents a major challenge to educators (White, 2011).
Furthermore, the implications of lacking evolutionary education could negatively impact
not only future biology majors but also paleontology, other science fields as well as rob students
of the necessary scientific literacy they will need for the future (White, 2011). The teaching of
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evolutionary concepts is still challenging for public schools and the development of science
standards that address evolution by natural selection (Nadelson & Southerland, 2009). Therefore,
Nadelson and Southerland developed an instrument called the Measure of Understanding of
Macroevolution (MUM) to record the understanding of undergraduates on evolution concepts.
This instrument was validated and verified by their study and can aid in the assessment of
effective evolution science curricula. Acceptance of evolution leads to higher knowledge and
understanding of evolutionary ideas (Rice, 2007).
Historical Trials and the Struggle of Evolution in Education
The struggle for evolution concepts in public school curriculum is not a new one. While
scientists widely accept Darwin’s work on evolution, the general public, in the U.S. especially,
fights to keep it out of science curriculums and biology. The Scopes Monkey Trial of 1925 was
the first landmark case to convict a teacher of teaching evolution in the classroom and many
cases soon followed (Plank, 2006). In 1925, John Scopes was a science teacher in Tennessee and
was convicted of teaching human evolution to public school students (Plank, 2006). Scopes was
later found guilty and sentenced to a fine of $100.
Due to the controversial nature of the topic, textbook writers began taking evolution out
of textbooks in order to calm the waters. However, within the next 40 years, evolution began to
migrate back into science curriculums, textbooks, and the courtrooms. Before the 1968 case of
Epperson v. Arkansas, courts had ruled that human evolution education was unlawful and that
only lower order evolution was allowed to be taught (Plank, 2006). This led to confusion about
the evolution of humans as many teachers allowed special creation to still be the source of
mankind’s existence (Plank, 2006). These confusing and often misleading ideas permeated
through an entire generation.
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Then during the 1970’s many states proposed equal time for creation and evolution
education within science classrooms only serving to further muddy the waters around the science
of evolution (Plank, 2006). Students who are taught evolution alongside creationism are more
likely to have misconceptions and lack basic knowledge of the theory evolution upon entering
post-secondary institutions (Moore et al., 2011). In 1982, the case of McClean v. Arkansas Board
of Education finally detailed the nature of science and ruled that the teaching of creation was not
scientific and should, therefore, not be taught in a science classroom (Plank, 2006). The nature of
science (NOS) is the brief understanding of what is and is not science or scientific and how
science works (Rice, 2012). In short, science follows the scientific method that was first
designed during the Renaissance and poses that ideas need to be testable and data needs to be
able to be gathered for ideas to be accepted or rejected. The scientific method is a circle with
every new conclusion leading into the next question so that science and ideas move forward.
This applies to evolution by the continued collecting of fossils and other evidence to test
Darwin’s theory and adjust the understanding of evolution over time. With the NOS being
defined within a court ruling, this provided a much firmer footing for the scientific movement
(Plank, 2006). That ruling was quickly followed in 1987 with a Louisiana case that explained the
teaching of creation as promoting a religious affiliation and consequently was an affront to
student’s First Amendment rights held under the U.S. Constitution. Creationism was, thereafter,
no longer allowed to be taught openly in public school classrooms (Plank, 2006).
Intelligent Design (ID) came under public scrutiny during the Kitzmiller v. Dover Area
School District in 2005 and was ruled to have been creationism in disguise (Berkman & Plutzer,
2001; Plank, 2006). In Dover, PA the school board attempted to adopt the textbook Of Pandas
and People in which the authors explain that certain creatures, including humans, are too
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complex to have arisen by evolution and, therefore, must have been “intelligently designed” by
some “designer” (Berkman & Plutzer, 2001; Plank, 2006). The attempt to insert Intelligent
Design, and by definition creationism, into the public-school classroom was ruled
unconstitutional under the Establishment Clause in the U.S. Constitution (Berkman & Plutzer,
2001; Plank, 2006). In the Kitzmiller court case, Judge Jones provided a lengthy opinion in
which he analyzed ID within the frame of science (McKay, 2013). In that opinion, Jones claimed
that ID was not science for three reasons. First, that ID relied on supernatural causation for its
rationale. Secondly, that ID’s use of the term “irreducible complexity” mirrored other
terminology used by creationists that had previously been ruled unconstitutional. And third, the
scientific community did not acknowledge ID as anything more than an attack on evolution
theory (McKay, 2013). All this serves to underscore the ongoing struggle for the acceptance of
evolution by means of natural selection.
The 2005 Kitzmiller case was not the end of the court battles, however. In 2008,
Louisiana passed a “critical thinking” rule (Louisiana Science Education Act) which encouraged
teachers to adopt external sources and arguments into the classroom as a means of being more
open to further opinions and knowledge (McKay, 2013). This led educators to open discussions
on religious points of view as a way to encourage critical thinking among students that could not
be perceived as educators “teaching” creationism but being open to other evidence or opinions
on the topic. Teachers allowing the conversation to revolve around creationism has been found to
walk the line between not officially teaching creationism, which is unconstitutional, while still
allowing those ideas to proliferate the classroom which satisfies public demands (Moore, 2008).
However, it is confusing to students and causing them to score lower on evolution and biological
examinations (Moore et al., 2011).
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The Louisiana Science Education Act followed quickly thereafter by Tennessee passing a
new “monkey law” that follows suit with Louisiana’s law almost to the letter and allows the
discussion of creationism yet again in the classroom (McKay, 2013). Each serve to further
complicate the relationship that educators and schools have with evolution education. In 2011,
both Kentucky and Florida attempted to pass similar laws with similar wording to Louisiana and
Tennessee that deliberately serve to weaken the idea behind scientific theories in education
(McKay, 2013). Since 2011, both New Mexico and Oklahoma have attempted to pass similar
rulings.
Current Understanding of Evolution
In 2005, a survey of 1,500 U.S. adults on their knowledge and acceptance of evolution
concepts and found that compared to data collected in 1985, acceptance of evolution has
declined from 45% to 40% (Miller, Scott, & Okamoto, 2006). The study found that while only
39% of U.S. adults were considered to hold “creationist positions”, still 62% believed that
humans were created by God whole-cloth (Miller et al., 2006). One in five U.S. adults appear to
be undecided or unaware of the issue of evolution or special creation (Miller et al., 2006).
Similar studies had been performed in Japan and 35 other European countries and found that the
U.S. has declined in evolution acceptance while other countries have increased acceptance of
evolution (McKay, 2013; Miller et al., 2006). This study represents the result of multiple
generations being taught creationism alone or alongside evolution science within their biology
classroom. Without sufficient knowledge and acceptance of evolution, students struggle in
college science courses and are more likely to fail or change their major out of science
(McKeachie et al., 2002).
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The basis for this struggle is founded in a belief that the acceptance of evolution is in
some way a denial of humanity’s unique creation by a deity. The belief is that the two cannot
coexist and, therefore, one must choose sides. A study conducted in Turkey in 2010 found that
among 38 biology teachers and 250 secondary students surveyed that the majority of the group
rejected the theory of evolution and cited their need to choose between creationism and evolution
as their main motivator (Köse, 2010). This study also found that the teacher acceptance was
correlated to their teaching of the topic. While a study from Turkey may seem obscure,
according to Dunk et al., (2019) when comparing countries for their acceptance rate of evolution,
Turkey is the only country that scores lower on acceptance than the U.S. when compared to 32
other European countries and Japan.
The more acceptance the teacher had of evolution, the more time they gave the topic in
the classroom (Aguillard, 1999; Köse, 2010; Rice, 2012). In Texas, a study of biology teachers
found that the vast majority were not allocating enough time to the teaching of evolution, as
indicated by the curriculum guidelines (Shankar, 1989). Whereas in Oregon, a survey of the
biology teachers found a deeper acceptance and knowledge of evolution which translated to a
more than substantial time spent on the topic in the classroom (Trani, 2004).
Struggle for Acceptance of Evolution
Other studies have been conducted on the acceptance of evolution theory among nonsecular college students. One of the major hindrances of accepting evolution is the literal
interpretations of the Book of Genesis as well as tying salvation to the acceptance of creationism
(Winslow et al., 2011). In this study, researchers worked with Christian college students that had
overwhelming acceptance of creationism before entering college; however, those students
changed their acceptance to evolution following rigorous coursework. Researchers found that the
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evidence for evolution and describing the nature of science (NOS) as a whole were what allowed
students to have a shift in mindset (Winslow et al., 2011). Dunk et al. (2019) found that the two
major indicators for evolution acceptance beyond knowledge of evolution were the individual’s
understanding of the nature of science and their relationship with religion. Holloway (2010)
found similar data when reviewing the misconceptions of evolutionary theory among college
freshmen. This study showed that a literal translation of the Bible and beliefs that it contradicts
evolution paired with a lack in understanding of the nature of science were major influencers on
evolution education. Furthermore, students who took a literal approach to biblical texts were
found to significantly be less accepting of evolution theory than their cohorts who took a less
literal approach (Chamberlain, 2015). If students can accept biblical teachings without a literal
interpretation, they are more likely to see where evolution can be the source of variation among
species and the source of new species, such as humans (Chamberlain, 2015). Using the Measure
of Acceptance of Evolution (MATE) instrument Dunk, Petto, Wiles and Campbell (2017) found
that the most important indicator of evolution acceptance is a clear understanding of the nature of
science (NOS). The NOS is how science works and what constitutes as scientific (Rice, 2012).
Students who grasp that science is about collecting data and answering questions, they are more
likely to see how Darwin’s theory works within the scientific community (Rice, 2012).
Impact on Teachers and Education
Teachers are not immune to the struggle of accepting evolutionary thought. The MATE
instrument was validated in a study that assessed 552 public school biology teachers’ acceptance
of evolution and found that teacher acceptance is directly correlated to their teaching of the
material (Rutledge & Warden, 1999). Rutledge and Warden continued to examine the pressures
placed on schools and teachers by religious groups and school administrations. Mounting
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pressures combined with conflicting beliefs lead many teachers to deemphasize evolution
concepts to reduce friction. Bandoli (2008) examined science standards in two states against the
time spent covering the material as a clear indication that teacher’s time spent on evolution is
directly correlated with teacher acceptance of the theory. These findings indicate that teachers
can succumb to pressures and internal conflict and choose the route of least resistance instead of
proper evolution education for their students. In 1987, the Louisiana Creationism Act was ruled
unconstitutional, however, prior to that ruling teachers were expected to give equal time to both
creationism and evolution within science classrooms. Aquillard (1999) surveyed 605 public high
school biology teachers to understand the time spent on evolution education within their
classrooms. The researcher found that less than 15 percent of Louisiana biology teachers were
devoting more than seven days to the teaching of evolution. The teachers cited their own
knowledge of the topic and personal beliefs being contributing factors to the amount of time
spent on the topic.
However, a survey presented by Shankar (1990) in Texas to public school biology
teachers found that the majority of teachers believed that teaching evolution was important due
to it being a central, unifying theme in biology. The teachers did not devote as much time
teaching the material as the researcher suggested would be necessary, but the teachers mostly
believed in teaching only evolution concepts and remaining true to scientific knowledge.
Also, in Oregon, Trani (2004) found that upon surveying random high school biology
teachers with varying levels of experience that the teacher acceptance of evolution was relatively
high (85.9%) and their understanding of the theory of evolution was also high (83.4%). Oregon
teachers seemed to have a moderately high understanding of the nature of science with an
average score of 66.08% while the religious convictions were about average with a score of
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about 45% meaning that most teachers were neither strongly theistic nor atheistic in their views.
This information is directly related to the amount of time that Oregon teachers spent teaching
evolution. Trani (2004) found that teachers considered evolution to be a “major” aspect of their
teaching regime and spent far more time on evolution than creationism, if creationism was
mentioned at all within their class. The strongest correlation found in Trani’s work was that as
teacher’s religious convictions grew stronger, their acceptance of evolution diminished. The
second strongest correlation was then between the acceptance of evolution and the amount of
time the teacher spent teaching the topic. Clearly demonstrating that stronger religious
convictions can lead to lower acceptance of evolution which, in turn, is a reflection of how much
time a teacher will spend teaching evolution (Aguillard, 1999; Köse, 2010; Rice, 2012).
Struggle for Knowledge of Evolution
Secondary education teachers are not the only educators who struggle with the teaching
and acceptance of evolution concepts. University professors, who have more education in the
field would be assumed to have a higher knowledge and acceptance of evolution. The faculty
within the biology department at a university were examined and found that, while the life
science faculty had a decently high rate of acceptance of evolution was 87.6%, their
understanding of biological evolution concepts was a mere 74.3% (Rice, 2012). Rice felt that
faculty who had chosen this field of study and profession should display higher levels of
understanding and acceptance, especially due to them educating future biologists. From Rice’s
work, it is suggested that a deeper understanding of the nature of science (NOS) needs to be
made at all levels of education (Rice, 2012). The NOS is a basic knowledge of what science is
and how science works. Without it, Rice posited, no significant growth will be made of the
knowledge or acceptance of biological evolution theory.
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Some researchers, however, believe that choosing sides between creationism and
evolution is not necessary (Culliney & Jones, 2017). In The Fractal Self: Science, Philosophy,
and the Evolution of Human Cooperation (2017), authors Culliney and Jones posit that just as
the universe formed through various cooperation relationships among elements and compounds,
so too, did human evolution come forth from cooperation and competition among species. In
their work, Culliney and Jones describe that as humans live in cooperation with each other, they
are taking part in their “fractal self” that is connected to deities as well as all other living
organisms and the cosmos. When humans break away from their “fractal self” and turn to greed
or violence, they lose touch with their deity as well as their connection to the universe. Culliney
and Jones believe that humanity is only truly found when humans live within their “fractal
selves”.
Impact on Researchers
Struggles for understanding of evolution are not limited to the education field, either.
Scientific researchers and writers can have opposing views on the correct language and
terminology surrounding evolution and natural selection. A critique was written by Rice et al. of
a paper published regarding the acceptance of evolution by college students (2010). The research
had been conducted in both religious and secular colleges among biology majors and nonmajors
in the Northeastern U.S. by Paz-y-Mino and Espinosa in 2009. In both institutions acceptance of
evolution increased from freshman year to senior year regardless of their institution and whether
they were biology majors or not (Paz-y-Mino & Espinosa, 2009). The issue that Rice et al.
(2010) found was in the terminology of Paz-y-Mino and Espinosa’s work.
Rice et al. composed a document attempting to correct some of the common
misguidances that Paz-y-Mino and Espinosa had in their work. First, by addressing the use of
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evolution as the “origin of life” explanation. Evolution is not meant to be an explanation for how
life originated, but rather how life has come to be as diverse as it is today. Use of the word
evolution in this way, causes confusion and, indeed, misinformation about the original intent for
the word (Rice et al., 2010). Next, by explaining the use of evolution to describe the cosmos and
formation of the universe. Rice et al. explain that this use can also confuse students with what
Darwin intended for the term versus the common use of the word for a description of changes
occurring in other entities. Finally, by observing the use of the term “Darwinism” throughout
Paz-y-Mino and Espinosa’s work. Rice et al. believed that this is a term that many Creationists
use to demean the scientific theory of evolution into a belief held only by one man. While these
works are meaningful on their own, any researchers’ ability to hold another accountable for and
correct possible misconceptions displays the confusion that can come from the scientific
community, itself on this topic.
Developing New Evolution Education Methods
There are researchers who choose to combat the non-acceptance of evolution in science
classrooms and curricula with varying methods. Bramschreiber (2013) suggested four themes to
maintain within a science classroom that is positioned in a conservative community. First, train
the educators in the controversy surrounding this topic and the various issues that could arise.
Next, the educators should handle the external influences that seek to disrupt classroom learning.
These externals could be parents or other educators that do not understand the importance of
teaching evolution standards in the classroom. Third, recommended educators be armed with
tactics to handle the resistance that they might experience within the classroom. Teachers should
have answers to common misconceptions regarding the theory and how it was being taught.
Finally, teachers should have a safe dialogue and provide space to students and external sources
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to have their own beliefs that may differ from the evolution theory. However, students and
parents should always understand that evolution is a part of the state science teaching standards
that would be measured on standardized tests (Bramschreiber, 2013).
The new branch of science referred to as “evolutionary educational psychology” can be
used to aid in the acceptance of evolution by those who are previously against it (Nadelson &
Sinatra, 2008). This approach attempts to understand the major psychological hindrances to an
alternate idea regarding evolution. Educational professionals were examined and it was found
that knowledge, acceptance, personal beliefs, academic and research experience were all clear
indicators of the professionals’ ability to remain objective when faced with new information
regarding evolution theory (Nadelson & Sinatra, 2008). One of the goals of this new branch is to
challenge the previously held biases that professionals have regarding evolution and, instead,
propel them into objective thought that allows for the revision and evolution of thought to occur.
The researcher continues to pose that all educators, biological or not, should have an
understanding of biological evolution in order to understand more fully the needs of students as
they evolve within their knowledge and understanding of other subjects and standards of learning
such as language and mathematical ability (Nadelson & Sinatra, 2008).
Theoretical Aspects of Evolution Education
According to Bloom’s Taxonomy, learning consists of six tiers with remembering,
understanding, and applying at the bottom of the pyramid and analyzing, evaluating, and creating
at the top (Bloom, 1956). Remembering is the ability of a student to recall simple facts, dates,
places, or people. Understanding is a student’s ability to explain ideas or concepts to others.
Applying is when a student can take learned information and apply it to new systems. Then
analyzing shows that a student can distinguish parts or components and compare the two. While
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evaluating is a student’s ability to justify or defend their position on a topic. Finally, creating
shows that students can create a new product that combines all the previous aspects of their
learning (Bloom, 1956). Bloom’s model shows the methods of learning that each person must
move through in order to fully grasp a concept. The first steps of learning any new idea is to
remember facts and details about it then to be able to understand how it fits within a greater
scheme of ideas. Bloom’s work suggests that learning at higher levels cannot occur if the lower
levels have not been mastered (Jensen et al., 2014). High school biology education provides
students with the introduction to evolutionary concepts and thereby provide the basic levels of
Bloom’s Taxonomy to students. Students who do not receive an adequate instructional
foundation on evolution and natural selection principles in high school, will more likely struggle
to achieve higher levels of cognition required in post-secondary education (Bissell & Lemons,
2006).
Prior knowledge is the highest indicator of future course success (BouJaoude & Giuliano,
1994). Nonmajor chemistry students were analyzed following instruction and providing them
with a test for knowledge as well as logical thinking found that prior knowledge was the best
indicator of success within the course (BouJaoude & Giuliano, 1994). Following prior
knowledge, formal reasoning ability is the second highest indicator of success (Hudson &
Rottmann, 1981). In measuring success in physics and mathematics courses, prior mathematical
ability was the strongest indicator in predicting the final grade of a student within the
mathematics course (Hudson & Rottmann, 1981). Furthermore, research found that a lacking
prior mathematical ability was a strong predictor of student withdrawal from the course (Hudson
& Rottmann, 1981). Finally, Loehr et al. (2012) studied the impact that high school preparation
in biology and mathematics had on introductory college biology course grades. The researchers
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found that prior knowledge alongside rigorous laboratory experiences were the highest indicators
for success and grade prediction for the college freshmen. This study analyzed over 2,000
students across more than 30 various college programs and shows the importance of high school
education on future college success. Prior knowledge is, therefore, a strong indicator of future
success within the fields of science and mathematics (BouJaoude & Giuliano, 1994; Hudson &
Rottmann, 1981; Loehr et al., 2012). By coupling prior knowledge with Bloom’s Taxonomy, a
student’s success in post-secondary education is correlated to his prior knowledge and
progression through Bloom’s Taxonomy pyramid (Bloom, 1956; BouJaoude & Giuliano, 1994;
Hudson & Rottmann, 1981; Loehr et al., 2012).
In contrast, Jensen and Moore (2008) found that when analyzing nearly 2,000
introductory biology students at the University of Minnesota, that high school biology grades
were poor indicators of college biology grades. This study included mixed majors and provided
surveys to students throughout the semester to assess the level of confidence students had in their
performance within the class. The results found that students entered with more confidence than
following exams and that their high school grades in biology were not clear indicators of the
grade they received in the introductory biology course.
One possible cause of student failure in biology programs could be their metacognitive
abilities and malleability regarding evolution. Research suggests that students who display higher
metacognitive skills and are more malleable tend to embrace new ideas and achieve greater
success (Tickoo, 2012). Regarding malleability, research suggests that when undergraduate
students were given a pre and post assessment on their understanding of nature and animal
relationships under the umbrella of evolution, students changed their way of thinking (Ban,
2011). In this study, students were asked about their beliefs regarding evolution and animal
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relationships. Then, through a series of videos and lessons, students were challenged on those
beliefs. Ban suggested that challenging preconceived notions and addressing malleability with
students could be a solution to providing students with a better understanding of challenging
concepts (Ban, 2011).
Impact on Students
With so much strife among the public and teachers regarding knowledge and acceptance
of biological evolution, there is no doubt that this conflict bleeds over into the lives of students.
Gerking (2003) found that teachers need to revise their entire way of thinking and teaching about
evolution if they have any hope of altering students’ previously held misconceptions on the
topic. Gerking further explained that students are missing out on vital information and biological
knowledge due to a failure on their teachers’ part to properly inform them on the nature of
science and the meaning of scientific theory. Owens et al. (2018) found that students believe
their high school education did not properly address their concerns regarding the theory of
evolution, namely as it conflicted with their religious beliefs. Through training teachers to adopt
a pedagogy of difference, students can be enlightened to the wide spectrum of beliefs that are
held between the extremes of atheistic evolution and divine creation. By allowing students to
understand the various ways to accept the science of evolution while maintaining religious
beliefs, the researchers posit that higher acceptance of evolution theory will emerge (Owens et
al., 2018).
Reiss (2008) points out that when approaching certain topics with students it is important
to note that a topic might be viewed as controversial by society, but not scientifically
controversial. For example, Reiss points out that the “young earth” model that some creationists
hold of the earth being approximately 10,000 years old may seem controversial to some, but in
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the scientific community this is viewed as fundamentally incorrect. There is a breadth of data and
fossil findings to support the age of the earth being closer to 4.6 billion years old; therefore,
students can argue the controversy in society, but should understand that this is not scientifically
controversial (Reiss, 2008). Reiss continued by encouraging teachers to acknowledge personal
significance of issues with students as a way to validate their beliefs without changing scientific
findings. In this way, students feel their beliefs are still important and can be continuously held
while simultaneously reaching for deeper scientific knowledge (Reiss, 2008).
Due to continuous conflict among the public, religious interest groups, school
administrations, school curriculums, and public-school teachers on the teaching of evolution, the
impact on students is overwhelming. Students then carry these misconceptions about the theory
of evolution into their college classrooms. According to Rutledge and Sadler (2011), college
freshmen struggle with many misconceptions regarding scientific theories. Upon reviewing non
major’s acceptance of biological theories, found that of the group, evolution theory was accepted
less than other theories. The students even questioned whether evolution theory was
scientifically valid at all (Rutledge & Sadler, 2011). Based on understanding the meaning behind
scientific theories in general, but specifically as it applies to evolution theory be more clearly
demonstrated in education at all levels.
In other studies, Moore et al. (2011) found that when evaluating college freshmen for
their understanding of evolution concepts, many freshmen failed simple knowledge-based
assessments. The researchers used a Knowledge of Evolution Exam (KEE) to inform their work.
The KEE instrument assessed whether students had been taught evolution alone; taught
creationism alone; or taught both alongside one another. Then KEE asked 10 questions that
assessed knowledge of fitness, natural selection, or evidence of evolution (Moore et al., 2011).
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The reasoning behind this incompetence, according to their data, was the religious views of the
freshmen as well as their lack of instruction on evolution from high school or the presentation of
creationist views within their science classes. Surprisingly, only about 13% of their study group
had been taught no creationist or evolution in high school and approximately 62% claimed they
were taught evolution alone. However, the average score on the KEE was 53%. Moore et al.
(2011) suggested a model that presents a possible explanation for the discrepancy in knowledge
of evolution as well as a proposal for how colleges can more adequately address evolution needs
in college students.
Future Impact on College Students
Teaching creationism alongside evolution is negatively impacting future college biology
students’ success (Moore et al., 2011). Further examination of the KEE scores from their study
group revealed that the students scored lower on the exam if they had been taught both
creationism and evolution than they scored if they were taught neither. When being taught none
of the material allows a student to score higher on an exam than someone who had two different
types of instruction, the message is clear that students are getting mixed messages that are not
helping them understand either concept well (Moore et al., 2011). Not surprisingly, is the
measure of acceptance of evolution that is also affected by the co-teaching of creationism
alongside evolution. Moore and Cotner (2009) found that using the Measure of Acceptance of
the Theory of Evolution (MATE) instrument on college freshmen both biology majors and nonmajors that student knowledge and acceptance are not mutually exclusive. Knowledge and
acceptance of the theory is correlated with success in college science coursework both the KEE
and MATE find.
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In 2015, Carter et al. found a significantly positive correlation between college
freshmen’s understanding of and attitude towards evolution as an indication of college success.
The study examined a large group of introductory biology students at Syracuse University and
found strong correlation between their entry acceptance level of evolution and their success in
the course (Carter et al., 2015). A student’s attitudes toward evolution could be a clear indication
of their final grade in the entry-level biology course (Carter et al., 2015). Which is further
supported by the position of the National Science Teachers Association (NSTA) from 2013
stating that if students do not receive instruction on evolution in high school, they cannot achieve
the scientific literacy and basic knowledge that is essential for success in STEM related fields.
Furthermore, Carter et al. (2015) believed that their work was also well supported by the 2011
work of Berkmann and Plutzer who found the correlation between community relationship to
science and the success of young people from that community in a science field to be related.
Meaning that, as a student’s community forges a growing, longer-lasting relationship with the
scientific community, student choice of a STEM field as well as the student’s success within
STEM increased. Also, Belin and Kisida’s 2012 work found that as a state’s acceptance of
evolution grew, so did student achievement within science fields. These findings show a clear
relationship between public, community, teacher and student acceptance of evolution and student
success in life science university coursework.
Perceived bias among college professors is decently well documented (Boysen & Vogel,
2009). Boysen and Vogel found that professors are mostly aware of the bias, whether explicit or
implicit, and most take an active role in attempting to correct that bias (2009). Students from
conservative backgrounds especially believe that their professors are more left leaning politically
and to speak out against them will warrant poor grades (Wills et al., 2019). These students
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perceived that their religious beliefs and distrust of science led to a grade discrimination from
their professors; however, the data did not support their perceptions (Wills et al., 2019).
Furthermore, surveys show that the beliefs and religious practices of students and faculty are
quite diverse, and beliefs of bias based on such is unfounded (La Falce & Gomez, 2007).
Therefore, even if students perceive that they will be punished for disagreeing with professors,
whether on political or scientific issues, research does not support this (La Falce & Gomez,
2007; Wills et al., 2019).
Among college freshmen, even though initial misconceptions exist, many of their beliefs
can be adapted through rigorous coursework (Rice, 2007). Freshman biology or genetics majors
understanding and acceptance of evolutionary concepts across their college experience were
analyzed and found that, while understanding of evolutionary concepts increased with education
level, only some of the acceptance measures increased (Rice, 2007). With seniors, Rice found
that while their knowledge of evolution theory was more developed, the students maintained
their theistic views. Rice posited that this should be encouraging data for administration,
teachers, parents, and students who worry that religious views will be compromised by the
increased exposure to evolution concepts. Rice (2007) also examined that the understanding of
the nature of science (NOS) also increased with instruction. Rice followed up his 2007 thesis
work with a 2011 study with co-authors Olsen and Colbert. In this study, researchers again
analyzed the changes in knowledge and acceptance of evolution concepts from freshman to
senior undergraduate years. Again, Rice et al. (2011) found that changes in knowledge of
evolution greatly increased following instruction while acceptance increased somewhat. Again,
the theistic views were altered only slightly from freshman to senior year among biology and
genetics majors. Interestingly, the freshmen who held creationist views prior to instruction and
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after remained almost unchanged (Rice et al., 2011). The freshmen group held approximately
43.8% creationist views while the senior group held about 43.5% creationist views which aligns
with the approximate U.S. held beliefs as well (Rice et al., 2011).
College biology students struggle particularly with the physical representation of
evolutionary relationships found in the study of phylogeny. Phylogenetics is the study of
evolutionary relationships and is represented in a type of tree graphic that displays common
ancestry. Meir et al. (2007) found that following the completion of an entry level biology course,
of which phylogenetic trees were analyzed, many college students struggled with interpretation
and use of trees. Furthermore, the researchers cited persistent misconceptions from poor
understanding of microevolution and natural selection principles as possible hindrances to
student understanding (Meir et al., 2007). Correct interpretation and use of phylogenetic trees
demonstrate an understanding of inheritance, speciation, as well as evolution (Halverson et al.,
2011). As Halverson et al. (2011) report, college students are assessed on this material within
biology and genetics coursework. However, student misconceptions and lack of understanding of
evolutionary concepts negatively affects their ability to perform well on the assessment. The
researchers cite persistent non evolutionary reasoning by students as the primary source of their
inability to interpret or build accurate phylogenetic trees. Halverson et al. suggest that
understanding student misconceptions is the best approach to correcting the student inaccuracies
and that it could have potential curricular implications.
Attempts at Addressing Misinformation
Over the last 20 years, researchers and educators have developed various methods to
address the major misconceptions regarding evolution education and natural selection principles.
Kane et al. (2018) developed an inquiry-based, hands on kit for middle school aged students to
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work with guppies. Their work helps students to analyze four concepts of evolution from
variation and inheritance to selection and time (VIST). The goal of their work was to encourage
students to think critically about the process of natural selection and predict the possible
outcomes of various experiments using the guppies. The researchers had previously developed a
similar program for 7th graders and had seen that students who participated in their work showed
a 29.5% increase in knowledge of evolution and 10.7% increase in acceptance of the theory
(Kane et al., 2018). With that in mind, the researchers aimed at improving the kits and the ease of
access for schools. Each activity within the kit is designed to address one of the four concepts of
evolution mentioned above. Researchers presented their work to various schools and the public
for feedback and found that many appreciated the self-guided learning aspect of the kit, the live
animals and the experimental nature of kits.
Heil et al. (2013) suggested the use of Drosophila in hands-on laboratory experiences in
order to demonstrate evolution concepts to students. In this laboratory experience, students have
the opportunity to witness how the advantage of a fruit fly having better vision than other flies
will affect the population within only a generation or two. Through this experience, students can
see how an individual with a survival advantage will then shape the rest of the population and
within a few generations, the entire population has the better vision trait.
Bixler (2007) found that using science fiction stories as teaching tools are a way to
getting students excited about evolution ideas and to encourage creativity and curiosity. The use
of science fiction also allowed the researcher the opportunity to correct misconceptions that
students had regarding evolution and other biological topics. Bixler found that many science
concepts can be quite abstract for students and the use of science fiction novels helped to provide
context for conversations for the students.
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Summary
Evolution is a unifying theme in all of biology but its wrongful interpretation by the
public presents a major challenge to educators (White, 2011). The struggle to keep evolution
education in the high school science classrooms is not a new struggle. Evolution has been
publicly controversial for decades, but the science in conclusive. While scientists widely accept
Darwin’s work on evolution, the general public, in the U.S. especially, fights to keep it out of
science curriculums and biology. In the U.S. knowledge and acceptance of evolution has
declined over recent decades (Miller et al., 2006), while the knowledge and acceptance in other
countries has only increased in recent years (McKay, 2013; Miller et al., 2006). Acceptance of
evolution is directly tied to the knowledge of the topic and the amount of time teachers spend
teaching it.
Teaching evolution, though, comes with a plethora of struggles and pressures from
parents, school boards, and communities which has led many teachers to adopt both creationism
and evolution ideas in the classroom. However, students who are taught evolution alongside
creationism are more likely to have misconceptions and lack basic knowledge of the theory of
evolution upon entering post-secondary institutions (Moore et al., 2011). The result of a lack of
knowledge and acceptance is that students are entering college with an insufficient amount of
preparation. The implications of lacking evolutionary education could negatively impact not only
future biology majors but also other science fields as well as rob students of the necessary
scientific literacy they will need for the future (White, 2011). Without sufficient knowledge and
acceptance of evolution, students struggle in college science courses and are more likely to fail
or change their major out of science (McKeachie et al., 2002).
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While much of the research suggests that the more acceptance the teacher had of
evolution, the more time they gave the topic in the classroom (Aguillard, 1999; Köse, 2010;
Rice, 2012), a survey presented by Shankar (1990) in Texas to public school biology teachers
found that the majority of teachers believed that teaching evolution was important due to it being
a central, unifying theme in biology. However, the teachers did not devote as much time teaching
the material as the researcher suggested would be necessary, but the teachers mostly believed in
teaching only evolution concepts and remaining true to scientific knowledge. These conflicting
reports suggest that, regardless of personal acceptance or knowledge, the teaching of evolution is
lacking in many public high schools.
The strongest correlation found for the amount of time teaching evolution was that as
teacher’s religious convictions grew stronger, their acceptance of evolution diminished (Trani,
2004). The second strongest correlation was then between the acceptance of evolution and the
amount of time the teacher spent teaching the topic (Rutledge & Warden, 1999; Trani, 2004).
Clearly demonstrating that stronger religious convictions can lead to lower acceptance of
evolution which, in turn, is a reflection of how much time a teacher will spend teaching evolution
(Bandoli, 2008; Köse, 2010; Rice, 2012). However, Aquillard (1999) surveyed 605 public high
school biology teachers and found that teachers cited their own knowledge of the topic and
personal beliefs being contributing factors to the amount of time spent on the topic. This research
suggests that either through personal convictions or a lack of knowledge, teachers are struggling
with how to teach evolution.
In some research, prior knowledge is said to be a strong indicator of future success within
the fields of science and mathematics (BouJaoude & Giuliano, 1994; Hudson & Rottmann, 1981;
Loehr et al., 2012). However, Jensen and Moore (2008) found that when analyzing nearly 2,000
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introductory biology students at the University of Minnesota, that high school biology grades
were poor indicators of college biology success. The results found that students entered the
course with more confidence than following an exam and that their high school grades in biology
were not clear indicators of the grade they received in the introductory biology course. This
study seeks to further analyze whether prior knowledge is a clear indication of future success
regarding evolutionary biology.
One gap that exists in the current research is that of student perceptions on their
preparedness upon entering a college biology class. Research has been used to measure student
knowledge of evolution and their acceptance of the theory, but not their perception of how well
their high school biology teachers prepared them for college biology (Anderson et al., 2002;
Nadelson & Sinatra, 2008; Nadelson & Southerland, 2009). Also, the literature has a gap in
addressing the individual principles of natural selection. Darwin outlined these main principles
as the foundation from which natural selection and evolution radiate. Therefore, without proper
understanding of these principles, grasping the concepts of natural selection or evolution will be
lost. The principles of variation, inheritance, overproduction, and reproductive success are not
addressed individually within the literature at this time.
The following chapter will outline the methods in which this study will collect and
analyze data regarding the preparedness of college freshmen following an introductory biology
course of which evolution and natural selection aspects are discussed.
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Chapter 3: Methodology

College freshmen entering an introductory level biology course are likely to be analyzing
the principles of natural selection at some point during the course. However, many of these
students are ill-prepared for the material they will face. This lack of preparation from their high
school science classes sends students into future courses with gaps in their science knowledge.
These gaps then place students at a disadvantage for their college-level work. This study seeks to
measure the lack of preparedness of college freshmen who have just completed their first college
biology course.
The following chapter will outline the methodology of this study. The design and purpose
of this study are analyzed within this chapter. The chapter will also detail who the participants
will be in the study and how they will be accessed. Then a description of the instrument is
included as well as the plans for how to analyze the data that is collected. A plan for how to
maintain confidentiality and anonymity is also discussed.
Research Design
This study seeks to survey students who attend a mid-sized, public university in the
south/southwest region of the U.S. who have just completed their first introductory level biology
course (BIO 101), which includes a laboratory experience and has analyzed evolution concepts.
This study seeks to understand the perception of preparedness on natural selection principles that
students perceive to have after having completed their introductory biology course. The survey
will be a cross-sectional survey in that the population is a section of predetermined individuals
that are chosen based on their participation and completion of the biology course (Fraenkel et al.,
2015). The survey will be a one-time event and will not be asked of this population at any later
date.
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The survey will consist of 20 questions from the Conceptual Inventory of Natural
Selection Instrument (CINSI) that will assess the level of knowledge of the natural selection
principles. The CINSI was prepared and validated by Anderson et al. in 2002. Next the survey
will ask descriptive questions to gauge the students’ perceptions of preparedness from their high
school biology class. These descriptive questions will be in the form of a Likert Scale and
provide the researcher with background knowledge of each student’s high school biology class
preparation and the attitudes of educators. These questions are also to provide data on the prior
knowledge that the students may have. The participants will then be asked the grade that they
expect to earn on the CINSI assessment they just completed for reference.
Purpose of the Study
This quantitative study seeks to analyze the impact of high school natural selection
instruction on the preparedness of college freshmen who are taking an entry-level biology
course. Students have received varying degrees of prior instruction on natural selection
principles from their secondary education and this prior knowledge has an impact on their
achievement on the natural selection principles taught at the college level. This study will
analyze the four natural selection principles individually to provide insight on student knowledge
of each principle thereby informing potential changes in science curriculums based on student
need.
College freshmen will be asked to participate in the Conceptual Inventory of Natural
Selection Instrument (CINSI) that will assess their knowledge of the Theory of Natural Selection
(Anderson et al., 2002). Next, students will be asked survey questions regarding their belief of
preparedness on natural selection principles prior to entering college. Then students will answer
descriptive questions regarding their high school education and perception of teacher acceptance
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of the theory of natural selection. Finally, students will be asked to supply the grade they believe
they have earned on the CINSI assessment tool they have just completed.
Biology is a fundamental degree program for a multitude of career pathways (National
University, 2020). A biology undergraduate degree can lead a student into paths for
microbiology that study bacteria and viruses, cytology that study cells and their functions,
histology which study tissues and how they work together as organs, environmental biology
where the student can study climatology, ecology or biochemistry and help solve some of the
environmental issues the world is currently facing. Other students may want to use their biology
degree to study evolutionary biology, paleontology, or genetics to help understand the past of
biology and offer new advances for the future while others may wish to study marine biology to
help save the oceans. Finally, biology majors can also use their undergraduate degree to work
into the medical field to provide much needed technology and innovation in the form of research
and development or as nurses and doctors and other medical support staff (National University,
2020).
The possibilities for biology students are countless, however, students are still struggling
to stay in Science, Technology, Engineering, and Mathematics (STEM) fields. Enrollment and
retention within biology and other STEM fields is lacking (Doerschuk et al., 2016). Students
who chose a STEM major often dropped out or changed majors within the first years. While
enrollment has increased in STEM fields, it is not enough to break even with the demand of
current societal need (Whalen & Shelley, 2010). Women and minorities are at the highest
dropout risk within STEM fields (Doerschuk et al., 2016); (Whalen & Shelley, 2010).
Therefore, biology degrees are at the heart of so many, various career pathways and an
introductory biology course is the gateway into those careers. However, with so many students
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leaving the program, the responsibility falls on educators to provide enough, well-educated
biological scientists to support future societal needs. That responsibility is necessary not only for
the individual students, but also for society as a whole.
With this data, this study seeks to analyze the relationship between college biology
success with the student’s prior knowledge and preparation from high school science instruction.
If it is found that a particular natural selection principle is less understood than others, this could
be an area for future research as well as development of supplemental support for high school
science educators. The goal of this research is to improve high school evolution education to
better prepare students for college level biology courses and future success. Hopefully, this in
turn will encourage more students to enter STEM fields, to be successful, and to graduate
entering a STEM career.
Research Questions and Hypotheses
The overarching research premise of this study is how prepared do college freshmen
believe they are to enter a college level biology course of which they are assessed over evolution
and natural selection principles. This study will propose the following research questions and
hypotheses:
RQ1: Are college freshmen prepared for the natural selection principle of variation as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
H1. There will be a statistically significant difference between the grade earned on the
CINSI assessment for variation principle and the perception of preparation of the college
freshmen.
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RQ2: Are college freshmen prepared for the natural selection principle of inheritance as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
H2. There will be a statistically significant difference between the grade earned on the
CINSI assessment for inheritance principle and the perception of preparation of the college
freshmen.
RQ3: Are college freshmen prepared for the natural selection principle of overproduction
as evidenced by their grade earned on the variation portion of the CINSI assessment compared
with their perception of high school preparation?
H3. There will be a statistically significant difference between the grade earned on the
CINSI assessment for overproduction principle and the perception of preparation of the college
freshmen.
RQ4: Are college freshmen prepared for the natural selection principle of reproductive
success as evidenced by their grade earned on the variation portion of the CINSI assessment
compared with their perception of high school preparation?
H4. There will be a statistically significant difference between the grade earned on the
CINSI assessment for reproductive success principle and the perception of preparation of the
college freshmen.
RQ5: Are college freshmen prepared for evolution by means of natural selection as
evidenced by their grade earned on the overall concept portion of the CINSI assessment
compared with their perception of high school preparation?
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H5. There will be a statistically significant difference between grade earned on CINSI
assessment for overall concept and the perception of preparedness on natural selection as a
whole.
Description of Population
The target population used for this study is a group of students from a mid-sized, public
university in the south/southwest region of the U.S. who are currently enrolled in a semester BIO
101 course and are, most likely, not biology majors. This university has approximately 9,456
students with 62.95% female and 37.06% male, approximately 400 international students and
760 transfer students. Freshmen at this mid-sized, public university are required to take one
science course with a lab. Their choices include Astronomy, Biology, or Physics with over 600
students selecting Biology. Students who participate in a Bio 101 course are most likely
nonmajors in biology and may have little to no interest in the field. Students who establish their
major as biology begin with a higher-level course and clearly have some interest in the field.
The students in Bio 101 have three credit hours of lecture on introductory biological
concepts as well as a one credit hour laboratory experience. There are approximately 165
students enrolled in Bio 101 for the Spring 2021 semester and these students will be provided
with a link on their online Canvas page to access the survey. Canvas is the university’s student
online portal that allows students to find resources, submit work, and check their grades for
classes. The laboratory professor has agreed to offer students a set number of bonus points for
the course if they participate in the survey. Those who choose to participate will be given that
opportunity following the completion of their evolution education in the biology course and will
receive extra credit points for doing so.
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If any student does not wish to participate in the survey, the laboratory professor will
offer them the opportunity to write a paper on evolutionary education that is approximately three
pages in length in order to still earn the same amount of bonus points. Students can submit that
paper during the time that the survey is up on the Canvas page and would be due by the end of
the survey window.
Description of Sampling Procedures
The only requirement of participants in the sampling group is that they have completed
an introductory level biology course and laboratory experience in which evolution and natural
selection principles are a part. Otherwise, no requirements of age, transfer status, grades earned,
gender, race, or other exist on participants. This is a convenience sampling in that only the
students who choose to participate in the survey will have their data collected. Since there will be
an offer of extra credit to the students who participate, the potential for only students who need
extra credit in the class exists and could possibly affect the results. The sampling is nonrandom
in that all, complete responses will be included within the analysis and results.
Description of Possible Risk
The possible risk to students is relatively low. Students will only participate if they
choose to do so and will be asked a series of questions on their knowledge of natural selection
principles. Students may experience a slight level of discomfort if they struggle to answer the
questions or find that they are not as confident in their ability to accurately answer the questions
presented in the survey. Participants will be asked to reflect on their high school biology
education, and this may cause individuals distress if their high school science experience was not
a positive or neutral one. Otherwise, participants should experience little to no discomfort with
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the answering of the survey questions and can stop the survey at any time, should their
discomfort become too overwhelming.
Description of Voluntary Participation
The survey will be uploaded onto the class Canvas page for students to access themselves
in their own time. The survey will be on the page for at least a week and the professor of the
course has agreed to inform students of the survey’s presence. The professor has agreed to offer
bonus points to students who choose to participate, however, no student grade will be negatively
impacted by the participation in the survey. Students will be informed of the survey and the
approximate time it should take them to complete. Participants will then complete the survey on
their own within the span of time that the survey is available on Canvas. Should a student begin
the survey, but not finish it, they will be allowed to rejoin the survey later as long as they did not
submit their work. Only one response per participant will be allowed, therefore if a student
begins the survey, does not finish, and submits the work they have; that is all the data that can be
collected on that participant. That student can no longer retrieve their work and submit a second
time. Because this data will be incomplete on the participant, the data will be discarded, and their
information deleted.
Any student that does not wish to participate in the survey but still wants the opportunity
for bonus points may choose to write a three-page paper on the evolutionary education they have
received over high school and college. This paper will be open for submission during the
window of the survey and will not be accepted after the window for the survey has closed.
Students choosing the paper will gain the same number of bonus points as the students who
participated and completed the survey.
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Some students may only participate in the survey due to the incentive of the extra credit
point offered by the professor. This offering may lead only students who need the points and
have struggled in the course to take the survey while other, more successful students will not.
However, research suggests that all students, no matter their cognitive abilities are more likely to
at least attempt some portion of extra credit opportunities when they are presented (Myers &
Hatchel, 2019). Finally, a nonresponse of participants is also a variable; however, with the large
population size, the amount of responding participants should be adequate for statistical analysis.
Description of Confidentiality and Anonymity
Participants will log in through their personal Canvas accounts and upon clicking the link
to the quiz, be directed to an online Google Form. This form will include a notice of
confidentiality and informed consent that students will sign and that then leads them into the
survey questions. After completing the survey, participants will submit the Google Form and
receive a copy of the consent as well as their responses, if they choose to do so. The Google
Form will report the email addresses of all participants; however, these will not be used or
reported in any way within the study. The collection of the email addresses is only to ensure that
participants only take the survey once or to follow up with a participant, if there is a need for
further clarification. Within the survey, participants will be asked about their knowledge of
natural selection principles as well as their beliefs of preparedness from their high school science
education. Student demographic information will only consist of asking about age, gender, and
expected grade for the course. No other identifiable information will be gathered for data
reporting purposes. A copy of the Informed Consent is listed in Appendix A.
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Data Security
The data collected from the survey will be owned by only the researcher and the
laboratory professor who is providing access to these students. The professor will need to know
the email addresses of the students who participated to provide them the extra credit points that
he has promised. The researcher will analyze the data to inform the results of the study. The data
will likely be reviewed for statistical purposes by a statistician, but no identifying information
will be contained within what is shared. The Google Form program will collect the data for the
researcher and no individual data will be analyzed. Participants can opt for a receipt of all their
responses upon the completion of the survey. Data will be maintained in a file of the researcher
for approximately six months following the completion of the Bio 101 course, after which the
data will be deleted. The laboratory professor will maintain the names of students who
participated until the end of the semester and the bonus points have been awarded.
Description of Instrument
According to Fraenkel et al. (2015), a survey can be used to assess the attitudes of a
population. The instrument used to collect data on student understanding of natural selection
principles is the Conceptual Inventory of Natural Selection Instrument (CINSI). The CINSI was
prepared and validated by Anderson et al. in 2002. The CINSI is a 20-question, multiple choice
test that examines student understanding of natural selection principles. The CINSI was a
criterion-referenced test with the main objective to assess mastery of subtopics under the overall
mastery of the test. The subjects of the initial validation of the CINSI were given a pre-interview
and pretest using a subcategory of the CINSI. Then the 206, non-Biology major students from
various California community colleges were provided with five hours of lecture and three hours
of lab experience on natural selection principles (Anderson et al., 2002). Following instruction,
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the students were then given a post-interview and posttest over the same subcategory. Initial
findings showed only a slight improvement from pre to post test for participants which
researchers believed may have been due to the shorter instructional time, but also led researchers
to revise about five questions before releasing the second edition of the CINSI (Anderson et al.,
2002).
The goal of the CINSI was to discriminate between students with a mastery of the topic
from those who do not possess mastery (Anderson et al., 2002). Researchers used a biserial value
for each of the questions on a scale of zero to one. This showed the participant’s mastery of a
particular item as compared to the mastery of the overall test performance. The closer to 1.00 any
value had, the better discriminatory power (Anderson et al., 2002). To further determine the
validity of the test questions, professors from three different universities and two community
colleges were asked to select correct answers and provide feedback on possible multiple-choice
options.
The instrument also uses common student misconceptions as some of the choice options
to provide insight on the growth of student learning from before evolution education and after.
The CINSI was initially tested and validated on a group of 206 nonmajor biology students and
results indicate this instrument is helpful to educators (Anderson et al., 2002). This instrument
has the power to inform instructors on common misconceptions that continue to plague student
thought. Therefore, the CINSI will be an appropriate tool for measuring the content-related
evidence of student knowledge of natural selection and its four principles.
Next, students will be asked survey questions regarding their belief of preparedness on
natural selection principles prior to entering college. Then students will answer descriptive
questions regarding their high school education and perception of teacher acceptance of the
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theory of natural selection. Finally, students will be asked to supply the grade they predict to earn
on the CINSI assessment that they have just taken. All this survey, as well as the Informed
Consent / Notice of Confidentiality will be contained within a Google Form and a link will be
provided on the course’s online Canvas page.
Threats to Validity and Reliability
History is one of the threats to the internal validity of this study (Ravid, 2015).
Participants will have varying levels of exposure and experiences regarding evolution studies
coming out of secondary education. Some participants may have had positive experiences and
high levels of exposure while other participants may have very negative experiences. This affects
the study by influencing their attitudes regarding the topic and their previous knowledge entering
BIO 101. One way that history can be slightly mitigated is that all the participants are currently
enrolled in the same BIO 101 course. Even though students did not have the same professor for
the different sections of the BIO 101 course, they were all taught the same curriculum and had
the same lab professor. Professors, having higher levels of degrees typically than secondary
education teachers, more likely have a wider, deeper range of knowledge in their subject matter.
A professor’s knowledge could translate to deeper learning for students and overcome some of
the gaps within a student’s previous knowledge.
A fellow aspect of history is that students are taking the CINSI following their BIO 101
course where they have just received instruction on evolution yet are being compared with the
perception of preparedness from their high school education. Had the CINSI been administered
at the beginning of the semester, prior to college instruction on evolution, the data could have
been more closely compared to their perceptions of high school preparation. However, the data
from this study shows that student performance on the CINSI was wide-ranging, suggesting a
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variety of comprehension levels regarding the topic. A wide range of scores on the CINSI shows
that, even with recent instruction, students still struggle with the concept of evolution and natural
selection. Had all, or even the majority, of the data aggregated above a passing score, the recent
instruction might have had a higher impact on the study.
In comparing perception of high school preparedness after completing a college level
biology course, students have the ability to reflect more fully on what material from the college
course they had heard of or had familiarity with from high school. If students were asked how
prepared they were for these aspects of evolution before taking the college course, their
responses may have been different, but having just been exposed to this material at the college
level, they can more accurately account for what they knew coming into the class and what they
did not. Therefore, asking these perception questions following the college level biology class
provides a deeper understanding into how well-prepared students believed they were coming out
of high school.
A final aspect of history is student perceptions of their high school biology teacher. A
student could have had an overwhelmingly positive experience with that teacher and, therefore,
absorbed everything they taught or held them in high esteem. Or a student could have had strong
negative feelings toward their biology teacher and, therefore, disregarded everything they taught
or would have rather forgotten them as quickly as possible. Or a third possibility is that their
biology teacher was simply, unremarkable; they did not inspire nor discourage them. Whichever
the case, it is difficult to assess the amount of time and preparation each students’ high school
biology teacher put into the teaching of evolution simply by the perception of their students years
later. The mitigation to this threat is a larger sample size and a wide range of beliefs and
perceptions of the students about their high school biology teachers. Some students ranked their
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high school biology teacher with all fours while others ranked all ones, but most fell somewhere
in the middle.
Another threat to internal validity is instrumentation (Ravid, 2015). While the CINSI was
validated in 2002, the type of instruction provided to the students involved in that study are
unlikely to be the same instruction that students in BIO 101 will be receiving. One way to
overcome the instrumentation threat would be to provide the CINSI assessment tool over
multiple years of BIO 101 students. By doing so, the CINSI data could be used more effectively
in gauging where the gaps in student learning reside. Building on years of data, changes to the
curriculums could be made to increase student success.
Differential selection is one more threat to internal validity (Ravid, 2015). Students are
volunteering to participate in this study, it is not required, and bonus points are available. Those
who volunteer to participate may perform better because they have chosen to participate versus
those who would be required. One way this study plans to overcome differential selection is to
also offer a three-page paper option for the same amount of bonus points to students who chose
to not participate. The high participation rate of the study (96.4%) also mitigates the differential
selection threat due to almost every student in the course participating.
Possible external threat to validity in this study could be the Hawthorne Effect wherein
students perform better than usual because they know they are being studied (Ravid, 2015).
There are three ways the study will combat the Hawthorne Effect. First, the students nor
professor will know the score the participant earns on the CINSI. Secondly, the amount of bonus
points awarded is the same to all participants, regardless of score on CINSI. Finally, because
bonus points awarded are not directly tied to performance, this study considers that some
students may take the survey without much time or consideration to obtain the bonus. These
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scores will be taken into account alongside those scores of students who actively consider each
question carefully.
Threats to reliability are that all students who are participating in the study do not have
the same professor in BIO 101 lecture and instruction may vary, and students have varying levels
of prior knowledge upon entering BIO 101. To overcome these threats, students are all currently
enrolled in the lab experience with the same professor and are likely to have similar content
within each BIO 101 class as outlined by the course curriculum. All students have also just
completed the evolution portion of their BIO 101 course that could have served to fill gaps in
their understanding. Students having various professors for the same material also has the added
benefit of hearing the same material taught in different ways. If students discussed their material
with each other outside of class, they may find professors explained certain topics better than
others, which could provide a more diverse student learning experience.
Another threat to reliability is the student’s memories of their high school biology
experiences and levels of preparation. College freshmen would have most likely taken high
school biology three to four years ago and the questions the survey asks are relatively specific.
Students may not have a reliable memory regarding these topics from high school. One way to
overcome this; however, is that students have just received college instruction on the topic and it
may have reminded many of them what they learned, or did not learn, in their high school years.
Variables in the Study
A variable within a study is defined as any item that provides variation among members
or entities being studied (Fraenkel et al., 2015). Within this study there are a variety of variables.
First, the students are in a BIO 101 course with a lab, which suggests that they are most likely
not biology majors, but they may each have varying levels of interest or understanding of

57
biological concepts. Next, there will be a mixture of genders, races, and background knowledge
or transfer status entering this course; there may even be a variation of ages even though it is
likely a freshmen course will consist mostly of 18-19-year old. Finally, the variation in high
school experience with evolution and natural selection principles will be quite variant among the
group with some having more adequate preparation than others.
Procedures for Data Analysis
The number of participants who completed the survey will be divided by the total number
of students in the BIO 101 population. This percentage will be recorded. The CINSI’s will be
scored and the questions pertaining to each of the four natural selection principles will be
calculated then compared to perception question on each principle. The overall scores will also
be calculated and recorded then compared to the perception question on overall evolution
preparedness. The Likert scores from the descriptive questions will be consolidated and
calculated based on each question. The reported expected grade on the CINSI will be compared
alongside the overall score from the CINSI for analysis.
This study seeks to understand if there is a difference between the grade earned on a
particular aspect of natural selection and the perception of preparedness on the same aspect.
Because of this, the study utilizes the hypothesis of difference between the two values, meaning
that, the null assumes that there will be no difference between perception and actual scores. The
two major types of data that are being collected are ordinal and interval. The Likert scale
perception questions are the ordinal data due to the distance between “well” and “very well” is
rather subjective. The score on the CINSI and each subsection are interval data because there is a
set distance between each possible point earned out of 20. Once the data was analyzed for
distribution, certain aspects of the data were normal while others were non-normal. The
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predicted test scores, for example, were normally distributed while the student’s actual scores
were non-normal (z = 2.57). The males actual scores were normal while the female’s scores were
non-normal (z = 2. 08). Based on this, normal distribution of the data could not be assumed, and
nonparametric tests needed to be utilized. The data are from the same group of participants and
only two measurements were used for analysis at a time so the Wilcoxon T-test, or Wilcoxon
signed-rank test was used.
The data was analyzed using SPSS software. The CINSI questions are based on a perfect
score of 20 answers correct out of 20 questions. Therefore, each student’s scores are independent
of one another but are based on a standard score. Students will earn a finite score out of 100% on
the CINSI, therefore, the CINSI data is discrete and interval. On the subcategories of the CINSI,
the data collected are also discrete and interval due to a student getting two or three out of four
questions correct, no student can earn 2.75 points of credit out of four.
The perception questions are discrete data in that they have a finite number of distinct
values on the Likert scale between 1 and 4. Due to the descriptive nature of the questions, the
data is ordinal in scale due to the potential perceived distance, “Strongly Disagree” and
“Disagree” may be much closer than the distance between “Disagree” and “Agree”. These
perception answers are being scored against their performance on the CINSI. The most likely
analysis for this data will be a Wilcoxon signed-rank test. These analyses will inform the level of
the study’s statistical significance.
Summary
In conclusion, the goal of this study is to understand the impact that the preparation from
high school biology class has on college biology course success. This success is namely in the
area of natural selection principles as there is a long-standing history of lacking education in this
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area. The purpose of the study is to ascertain the areas that in the most need of future
development for increased student success in college biology courses. This will potentially lead
to higher entrance into a STEM field and a future STEM career.
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Chapter 4: Results and Analysis

This primary purpose of this study was to analyze the impact high school natural
selection instruction had on the preparedness of college freshmen enrolled in an entry-level
biology course. The study also sought to fill the research gap on the individual natural selection
principles and the student perceptions of preparedness. Finally, the goal of the study is to
determine if there is a relationship between a particular natural selection principle and lower or
higher academic achievement on the CINSI assessment tool than other principles. If such a
difference exists, then this study can make recommendations for future supplemental support of
high school educators.
In this chapter, the sample and data collection process will be reviewed. The
demographics and basic data will be provided as well as an explanation of how data were
analyzed. Following the tables of results, the data will then be presented statistically then
analyzed for significance. Finally, the research questions will be evaluated, and hypotheses
supported or rejected.
Sample
At a mid-sized, public university in the south/southwest region of the U.S., in the Spring
2021 semester the BIO101 course had 168 enrolled students and of those, 162 participated in the
survey (96.4%). This university has approximately 9,456 students with 62.95% female and
37.06% male, approximately 400 international students and 760 transfer students. Participants
were asked 20 multiple choice questions from the Conceptual Inventory of Natural Selection
Instrument (CINSI) that was designed to test understanding of natural selection and its
principles. All multiple-choice options are based on common misconceptions on the topic. Then
participants were asked their age, gender, predicted score on the CINSI as well as seven
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perception questions. The perception questions were designed to evaluate the level of perceived
preparedness for the overall topic of natural selection as well as each of the four principles of
variation, inheritance, overproduction, and reproductive success.
Data was collected from April 19th, 2021 until 11:59 pm on April 29th. The class had 168
students had access to the survey on their laboratory Canvas page and a script was read aloud to
all students in all lab sections. Students had the alternative assignment of a three-page essay, but
none were submitted. Of the 162 participants, 122 were female (75.3%), 37 males (22.8%), one
transgendered (0.6%), one gender fluid (0.6%), and one preferred not to share (0.6%). The
participants’ ages varied from 18 to 31, but the majority were 19 years old with 82 participants
(50.6%). The second most popular age group was 18 with 40 participants (24.7%). Tables 4.1
and 4.2 summarize the demographic information of the participants.

Table 4.1
Gender Demographics of Participants
Gender
Male
Female
Transgender
Gender-fluid
Prefer not to say
Total

Number
37
122
1
1
1
162

%
22.83%
75.31%
0.62%
0.62%
0.62%
100%
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Table 4.2
Age Demographics of the Participants
Age
18
19
20
21
22
26
28
31
Prefer not to say
Total

Number
40
82
21
9
6
1
1
1
1
162

%
24.7%
50.6%
13%
5.6%
3.7%
.6%
.6%
.6%
.6%
100%

Sample Characteristics
A Shapiro-Wilk’s test (p > .05) (Shapiro & Wilk, 1965; Razali & Wah, 2011) and a
visual inspection of the histogram and normal Q-Q plot showed that the actual scores produced
by the males of this study were approximately normally distributed, with a skewness of 1.48 (SE
= 0.388) and a kurtosis of 0.458 (SE = 0.759). The representing figure can be found below in
Figure 4.1. For the female’s actual scores from this study, a Shapiro-Wilk’s test (p < .05)
(Shapiro & Wilk, 1965; Razali & Wah, 2011) and a visual inspection of the histogram and
normal Q-Q plots showed that the scores produced by females were not normally distributed,
with a skewness of 2.08 (SE = 0.219) and a kurtosis of -1.28 (SE = 0.435). The representing
figures can be found below in Figure 4.2.
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Figure 4.1
Histogram Depicting the Normality Distribution for Male Actual Scores

Note. Male actual scores are normally distributed.

Figure 4.2
Histogram Depicting the Normality Distribution for Female Actual Scores

Note. Female actual scores are non-normally distributed.
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A Shapiro-Wilk’s test (p < .05) (Shapiro & Wilk, 1965; Razali & Wah, 2011) and a
visual inspection of the histogram and normal Q-Q plot showed that the predicted scores reported
by the males of this study were not normally distributed, with a skewness of -2.47 (SE = 0.388)
and a kurtosis of 3.159 (SE = 0.759). The representing figure can be found below in Figure 4.3.
For the female’s reported predicted scores from this study, a Shapiro-Wilk’s test (p < .05)
(Shapiro & Wilk, 1965; Razali & Wah, 2011) and a visual inspection of the histogram and
normal Q-Q plots showed that the scores produced by females were not normally distributed,
with a skewness of -0.868 (SE = 0.219) and a kurtosis of -0.138 (SE = 0.435). The representing
figures can be found below in Figure 4.4.

Figure 4.3
Histogram Depicting Distribution of Male Predicted Scores

Note. Male predicted scores are non-normally distributed.
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Figure 4.4
Histogram Depicting the Distribution of Female Predicted Scores

Note. Female predicted scores are non-normally distributed.

Research Questions
The overarching research premise of this study was how prepared do college freshmen
believe they are to enter a college level biology course of which they are assessed over evolution
and natural selection principles. The following were the five research questions for this study:
RQ1: Are college freshmen prepared for the natural selection principle of variation as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
RQ2: Are college freshmen prepared for the natural selection principle of inheritance as
evidenced by their grade earned on the variation portion of the CINSI assessment compared with
their perception of high school preparation?
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RQ3: Are college freshmen prepared for the natural selection principle of overproduction
as evidenced by their grade earned on the variation portion of the CINSI assessment compared
with their perception of high school preparation?
RQ4: Are college freshmen prepared for the natural selection principle of reproductive
success as evidenced by their grade earned on the variation portion of the CINSI assessment
compared with their perception of high school preparation?
RQ5: Are college freshmen prepared for evolution by means of natural selection as
evidenced by their grade earned on the overall concept portion of the CINSI assessment
compared with their perception of high school preparation?
RQ1.
The first research question analyzes the relationship between the scores on questions
pertaining to variation principle and the perception of preparedness the participants felt about the
same principle. Questions 6, 9, 16, and 19 of the CINSI ask about variation and address some of
the common misconceptions the students have regarding this principle (Anderson et al., 2002).
The results were analyzed statistically using SPSS and are contained in Tables 4.3 and 4.4 below.
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Table 4.3
Analysis of Questions from CINSI Regarding Variation Principle
Variation Questions

n

Correct Responses

Question 6

162

52 (32%)

Question 9

162

73 (45%)

Question 16

162

97 (60%)

Question 19

162

63 (39%)

Mean

1.76

Standard Deviation

1.16

Median

2.00

Table 4.4
Perception Question Regarding Perceived Preparedness on Variation Principle
Not
Very
Well
How well do you believe
that your high school
science teacher prepared
you for the natural
selection concept of
variation?

35
(21.6%)

Not
Well

Well

61
50
(37.7%) (30.9%)

Very
Well

Mean

SD

Median

16
(9.9%)

2.29

0.92

2.00

Analysis
Regarding variation principle, participants averaged 44% correct responses on the
questions from the CINSI and their belief in preparedness on a Likert scale of 1-4, was just over
a two average. Therefore, students, on average, failed the variation portion of the CINSI and
believed their preparedness to be only slightly above “Not Well” on the perception scale.
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Variation scores and perception scores were analyzed using a Wilcoxon signed-rank test in
SPSS. The hypothesis for this research question must be accepted (Z = -4.87, p < 0.001) and
there is a difference between the level of perceived preparedness for variation and the level of
academic performance on the same natural selection principle.
RQ2.
The second research question analyzes the relationship between the scores on questions
pertaining to inheritance principle and the perception of preparedness the participants felt about
the same principle. Questions 7 and 17 of the CINSI ask about inheritance and address some of
the common misconceptions the students have regarding this principle (Anderson et al., 2002).
The results were analyzed statistically using SPSS and are contained in Tables 4.5 and 4.6 below.

Table 4.5
Analysis of Questions from CINSI Regarding Inheritance Principle
Inheritance Questions

n

Correct Responses

Question 7

162

85 (52.5%)

Question 17

162

50 (30.9%)

Mean

0.83

Standard Deviation

0.74

Median

1.00
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Table 4.6
Perception Question Regarding Perceived Preparedness on Inheritance Principle

How well do you believe
that your high school
science teacher prepared
you for the natural
selection concept of
inheritance?

Not
Very
Well

Not
Well

37
(22.8%)

47
(29%)

Well

Very
Well

61
17
(37.7%) (10.5%)

Mean

SD

Median

2.36

0.95

2.00

Analysis
Regarding inheritance principle, participants averaged 42% correct responses on the
questions from the CINSI and their belief in preparedness on a Likert scale of 1-4, was just over
a two average, although slightly higher than that of variation. Therefore, students, on average,
failed the inheritance portion of the CINSI and believed their preparedness to be only slightly
above “Not Well” on the perception scale. Inheritance scores and perception scores were
analyzed using a Wilcoxon signed-rank test in SPSS. The hypothesis for this research question
must be accepted (Z = -9.98, p < 0.001) and there is a difference between the level of perceived
preparedness for inheritance and the level of academic performance on the same natural selection
principle.
RQ3.
The third research question analyzes the relationship between the scores on questions
pertaining to overproduction principle and the perception of preparedness the participants felt
about the same principle. Questions 2, 3, 5, 12, 14, and 15 of the CINSI ask about
overproduction and address some of the common misconceptions the students have regarding
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this principle (Anderson et al., 2002). The results were analyzed statistically using SPSS and are
contained in Tables 4.7 and 4.8 below.

Table 4.7
Analysis of Questions from CINSI Regarding Overproduction Principle
Overproduction Q’s

n

Correct Responses

Question 2
Question 3
Question 5
Question 12
Question 14
Question 15
Mean
Standard Deviation
Median

162
162
162
162
162
162

125 (77.2%)
130 (80.2%)
102 (63%)
99 (61.1%)
86 (53.1%)
89 (54.9%)
3.90
1.67
4.00

Table 4.8
Perception Question Regarding Perceived Preparedness on Overproduction Principle
Not
Very
Well
How well do you believe
that your high school
science teacher prepared
you for the natural
selection concept of
overproduction?

38
(23.5%)

Not
Well

Well

Very
Well

56
51
17
(34.6%) (31.5%) (10.5%)

Mean

SD

Median

2.29

0.94

2.00
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Analysis
Regarding overproduction principle, participants averaged 65% correct responses on the
questions from the CINSI and their belief in preparedness on a Likert scale of 1-4, was just over
a two average and the same as variation. Therefore, students, on average, almost passed the
overproduction portion of the CINSI and believed their preparedness to be only slightly above
“Not Well” on the perception scale. Inheritance scores and perception scores were analyzed
using a Wilcoxon signed-rank test in SPSS. The hypothesis for this research question must be
accepted (Z = -8.30, p < 0.001) and there is a difference between the level of perceived
preparedness for overproduction and the level of academic performance on the same natural
selection principle.
RQ4.
The fourth research question analyzes the relationship between the scores on questions
pertaining to reproductive success principle and the perception of preparedness the participants
felt about the same principle. Questions 1, 10, 11, and 18 of the CINSI ask about reproductive
success and address some of the common misconceptions the students have regarding this
principle (Anderson et al., 2002). The results were analyzed statistically using SPSS and are
contained in Tables 4.9 and 4.10 below.
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Table 4.9
Analysis of Questions from CINSI Regarding Reproductive Success Principle
Reproductive Success Q’s

n

Correct Responses

Question 1
Question 10
Question 11

162
162
162

120 (74.1%)
92 (56.8%)
99 (61.1%)

Question 18
Mean

162

98 (60.5%)
2.52

Standard Deviation
Median

1.22
3.00

Table 4.10
Perception Question Regarding Perceived Preparedness on Reproductive Success Principle

How well do you believe
that your high school
science teacher prepared
you for the natural
selection concept of
reproductive success?

Not
Very
Well

Not
Well

32
(19.8%)

55
(34%)

Mean

SD

Median

Well

Very
Well

60
(37%)

15
(9.3%)

2.36

0.90

2.00

Analysis
Regarding reproductive success principle, participants averaged 63% correct responses
on the questions from the CINSI and their belief in preparedness on a Likert scale of 1-4, was
just over a two average and the same as inheritance. Therefore, students almost passed the
reproductive success portion of the CINSI and believed their preparedness to be only slightly
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above “Not Well” on the perception scale. Reproductive success scores and perception scores
were analyzed using a Wilcoxon signed-rank test in SPSS. The hypothesis for this research
question was rejected (Z = -1.40, p= 0.163) and there is not a clear difference between the level
of perceived preparedness for reproductive success and the level of academic performance on the
same natural selection principle.
RQ5.
The final research question analyzes the relationship between the scores on questions
pertaining to the overall concept of evolution and natural selection and the perception of
preparedness the participants felt about the topic. Questions 4, 8, 13, and 20 of the CINSI ask
about overarching evolution and natural selection concepts and address some of the common
misconceptions the students have regarding this topic (Anderson et al., 2002). The results were
analyzed statistically using SPSS and are contained in Tables 4.11 and 4.12 below.

Table 4.11
Analysis of Questions from CINSI Regarding Evolution and Natural Selection
Evolution Questions

n

Correct Responses

Question 4
Question 8

162
162

38 (23%)
70 (43%)

Question 13

162

42 (26%)

Question 20

162

62 (38%)

Mean

1.35

Standard Deviation

1.25

Median

1.00
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Table 4.12
Perception Question Regarding Perceived Preparedness on Evolution as a Whole
Not
Very
Well
How well do you believe
that your high school
science teacher prepared
you for the overall
concept of evolution by
means of natural
selection?

32
(19.8%)

Not
Well

Well

59
57
(36.4%) (35.2%)

Very
Well

Mean

SD

Median

14
(8.6%)

2.33

0.89

2.0

Analysis
Regarding the overall concept of evolution by means of natural selection, participants
averaged 33% correct responses on the questions from the CINSI and their belief in preparedness
on a Likert scale of 1-4, was just over a two average. Therefore, students, on average, failed the
overall concept of evolution on the CINSI and believed their preparedness to be only slightly
above “Not Well” on the perception scale. Evolution scores and perception scores were analyzed
using a Wilcoxon signed-rank test in SPSS. The hypothesis for this research question must be
accepted (Z = -7.40, p < 0.001) and there is a difference between the level of perceived
preparedness for evolution and the level of academic for the overall concept of evolution by
means of natural selection.
Other observations
Upon completion of the CINSI, 20-question assessment, students were asked what score
they believed to have just earned on that assessment. Actual scores on the CINSI ranged from 2-
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20 and the predicted score ranges were also 2-20. The results of the actual and predicted scores
are summarized and analyzed in Table 4.13 and 4.14.

Table 4.13
Actual and Predicted Test Scores with Analysis
Score

Mean

n

Minimum

Maximum

Median

162

Standard
Deviation
4.38

Actual
Score
Predicted
Score

10.36

2.00

20.00

10.00

12.14

162

3.36

2.00

20.00

12.00

The actual and predicted scores were also analyzed for correlation using Spearman’s rho
statistical analysis and tested for significance. This statistical test was chosen due to the nonnormal, interval nature of this data set. The predicted scores were normal, but the actual scores
were not (z = 2.57); therefore, normality could not be assumed. The correlation between the
actual and predicted scores was significant (r (160) =0.476, p < 0.001). The results demonstrate
an almost large effect size for this data. The natural selection principles were also compared with
Spearman’s rho and found low to extremely low effect size and most were not statistically
significant.

Table 4.14
Ranks the Differences in Scores Between Actual and Predicted on CINSI.

Actual score vs.
Predicted score

Negative Ranks

Positive Ranks

Ties

99

52

11
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Analysis
Participants were asked at the end of the survey what grade they expected to earn on the
CINSI. Their prediction and their actual scores were analyzed. Participant’s predicted range was
the same as the actual scores; however, participants tended to inflate the belief in their score
compared to their actual score. While no research question or hypothesis is tied to this data, it
helps to inform the study. A Wilcoxon signed-rank test was run on this data using SPSS and
found statistical significance of a connection between these two pieces of data (Z= -5.05, p <
0.001).
The Wilcoxon signed-rank test also demonstrates the number of students who accurately
predicted their performance score on the CINSI, those who overestimated their abilities
(Negative Ranks) and those who underestimated their abilities (Positive Ranks). Most students
underperformed what they predicted they would.
The researcher was also interested in the perceptions the students had of their high school
biology teacher’s knowledge and acceptance of evolution to further inform their overall
perception of preparation. The results are summarized below in Table 4.15.
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Table 4.15
Perceptions of Teacher Knowledge and Acceptance of the Theory of Evolution

How confident
were you in your
high school
biology
teacher’s
knowledge of the
theory of
evolution?
How would you
characterize
your high school
biology
teacher’s level of
acceptance of
the theory of
evolution?

1
Little to no
knowledge/
acceptance

2

3

4
High level
of
knowledge/
acceptance

Mean

SD

17
(10.5%)

54
(33.3%)

54
(33.3%)

37
(22.8%)

2.69

0.94

19
(11.7%)

60
(37%)

53
(32.7%)

30
(18.5%)

2.58

0.92

Teacher knowledge and acceptance perception was also analyzed using Spearman’s rho
due to the ordinal nature of the data. The statistical test was used to determine the level of
correlation and strength between the two pieces of data. Regarding the perception of teacher
knowledge and perception there was a large effect size (r (160) = 0.61, p < 0.001). The data
shows a statistically significant relationship between the perception of teacher knowledge and
acceptance on the theory of evolution.
When performing the Wilcoxon signed-rank test, data was also gathered on how many
participants deviated from or tied with their perception of preparedness scores and their actual
scores on the sub-section of the CINSI for the same topic. The negative ranks represent those
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students who fell or ranked their perception of preparedness higher than that of their actual
performance score. The positive ranks represent those who ranked their level of high school
preparation rather low and then scored higher on the CINSI questions. The ties are those whose
level of perceived preparation for a particular aspect of natural selection and their actual score
for that section were the same. The data are summarized in Table 4.16 below.

Table 4.16
Ranks of Perception Scores Compared with Actual Scores on CINSI.

Perception of prep on
variation vs. Score on
variation
Perception of prep on
inheritance vs. Score
on inheritance
Perception of prep on
overproduction vs.
Score on
overproduction
Perception of prep on
reproductive success
vs. Score on
reproductive success
Perception of prep on
evolution vs. Score
on evolution

Negative Ranks
38

Positive Ranks
81

Ties
43

2

130

30

122

27

13

67

42

53

23

109

30
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Conclusion
In summary, four of the five hypotheses were accepted and led to the assumption of a
difference between the perceived level of preparedness and the actual academic performance for
the various principles of natural selection and overall concept. The only hypothesis that could not
be accepted was regarding the natural selection principle of reproductive success. This
hypothesis must be rejected and understood that there is no clear difference with perception of
preparedness and academic performance. Students had higher predictive grades than their actual
grades on the CINSI and had a higher belief in high school biology teacher’s knowledge than
acceptance of evolution. There is also strong correlation between actual and predicted grades as
well as the perception of teacher knowledge and teacher acceptance regarding the theory of
evolution. The following chapter will address the implications of these results, discuss
limitations, and suggest further research.
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Chapter 5: Conclusions and Discussion

The purpose of this study was to analyze the possible difference between the level of
perceived preparedness on the four natural selection principles and evolution as a whole with the
academic performance on the Conceptual Inventory of Natural Selection Instrument (CINSI).
Students who arrive at college with a deeper understanding of and acceptance for the theory of
evolution tended to have a higher acceptance and performance than others within biology
courses (Carter et al., 2015). One gap that existed in the research was that of student perceptions
on their preparedness upon entering a college biology class. Research had been used to measure
student knowledge of evolution and their acceptance of the theory, but not their perception of
how well their high school biology teachers prepared them for college biology (Anderson et al.,
2002; Nadelson & Sinatra, 2008; Nadelson & Southerland, 2009).
Also, the literature had a gap in addressing the individual principles of natural selection.
Darwin outlined these main principles as the foundation from which natural selection and
evolution radiate. Therefore, without proper understanding of these principles, grasping the
concepts of natural selection or evolution is likely to be lost. The principles of variation,
inheritance, overproduction, and reproductive success are not addressed individually within the
literature. The following chapter will answer the research questions of this study, readdress the
literature, provide limitations and suggestions for further research.
Conclusions
The premise of this study is how prepared do college freshmen believe they are to enter a
college level biology course of which they are assessed over evolution and natural selection
principles. The following will answer each of the five research questions, individually.
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Research question 1 conclusion
Are college freshmen prepared for the natural selection principle of variation as
evidenced by their perception of high school preparation and the grade earned on the CINSI
assessment? On the CINSI, there were four questions that directly addressed the variation
principle and the average score on these four questions was a 44%. Students then averaged a 2.29
on their Likert scale from 1-4 (Not Very Well – Very Well) on how well prepared they believed
they were for the variation principle from their high school biology course. Together this
information provided an acceptance of the hypothesis and supports the claim that there is a
difference between perception of preparedness and the grade earned for the variation principle.
This data shows that students are not prepared for the natural selection principle of variation, nor
do they believe that they have been properly prepared by their high school biology teachers.
Research question 2 conclusion
Are college freshmen prepared for the natural selection principle of inheritance as
evidenced by their perception of high school preparation and the grade earned on the CINSI
assessment? On the CINSI, there were two questions that directly addressed the inheritance
principle and the average score on these four questions was a 42%. Students then averaged a 2.36
on their Likert scale from 1-4 (Not Very Well – Very Well) on how well prepared they believed
they were for the inheritance principle from their high school biology course. Together this
information provided an acceptance of the hypothesis and supports the claim that there is a
difference between perception of preparedness and the grade earned for the inheritance principle.
This data shows that students are not prepared for the natural selection principle of inheritance,
nor do they believe that they have been properly prepared by their high school biology teachers.

82
Research question 3 conclusion
Are college freshmen prepared for the natural selection principle of overproduction as
evidenced by their perception of high school preparation and the grade earned on the CINSI
assessment? On the CINSI, there were six questions that directly addressed the overproduction
principle and the average score on these six questions was a 65%. Students then averaged a 2.29
on their Likert scale from 1-4 (Not Very Well – Very Well) on how well prepared they believed
they were for the overproduction principle from their high school biology course. Together this
information provided an acceptance of the hypothesis and supports the claim that there is a
difference between perception of preparedness and the grade earned for the overproduction
principle. While still failing the section, students performed better on overproduction than any
other principle, demonstrating the best understanding of this principle. This data shows that
students are not prepared for the natural selection principle of overproduction, nor do they
believe that they have been properly prepared by their high school biology teachers.
Research question 4 conclusion
Are college freshmen prepared for the natural selection principle of reproductive success
as evidenced by their perception of high school preparation and the grade earned on the CINSI
assessment? On the CINSI, there were four questions that directly addressed the reproductive
success principle and the average score on these four questions was a 63%. Students then
averaged a 2.36 on their Likert scale from 1-4 (Not Very Well – Very Well) on how well
prepared they believed they were for the reproductive success principle from their high school
biology course. Together this information provides a rejection of the hypothesis and cannot
support the claim that there is a difference between perception of preparedness and the grade
earned for the reproductive success principle. While students performed the second best on
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reproductive success questions and believed they were more well prepared for this principle than
others, the hypothesis must be rejected; there is not a statistically significant difference between
reproductive success principle where perceived preparedness and academic performance are
concerned. This data shows that students are not prepared for the natural selection principle of
reproductive success, nor do they believe that they have been properly prepared by their high
school biology teachers.
Research question 5 conclusion
Are college freshmen prepared for the natural selection principles as evidenced by their
perception of high school preparation and the grade earned on the CINSI assessment? On the
CINSI, there were four questions that addressed the overall concept of evolution and natural
selection and the average score on these four questions was a 33%. Students then averaged a 2.33
on their Likert scale from 1-4 (Not Very Well – Very Well) on how well prepared they believed
they were for the overall concept of evolution from their high school biology course. Together
this information provided an acceptance of the hypothesis and supports the claim that there is a
difference between perception of preparedness and the grade earned for the overall concept of
evolution and natural selection. This data shows that students are not prepared for the overall
concept of evolution, nor do they believe that they have been properly prepared by their high
school biology teachers.
In conclusion, all four principles of natural selection and overall concept were failed by
the participants and their perceptions of preparation on all accounts were less than half-way
between 1 and 4 on the Likert scale. Students performed best on the overproduction and
reproductive success principles and the worst on the overall evolution concept and inheritance.
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The various hypotheses for this study have both supports and rejections of the hypothesis; H1,
H2, H3, and H5 have all accepted the hypothesis while H4 has rejected the hypothesis.
Relationship of conclusion to research
The gap that existed in the current research was that of student perceptions on their
preparedness upon entering a college biology class. Research has been used to measure student
knowledge of evolution and their acceptance of the theory, but not their perception of how well
their high school biology teachers prepared them for college biology (Anderson et al., 2002;
Nadelson & Sinatra, 2008; Nadelson & Southerland, 2009). The Knowledge of Evolution Exam
(KEE) and the Measure of the Acceptance of the Theory of Evolution (MATE) instruments have
been highlighted throughout this document; however, this study sought to understand college
freshmen’s assessment of their high school preparation. The research found that students,
overall, believe they were not well prepared in high school for evolution or the individual natural
selection principles. Prior knowledge is a known indicator for collegiate success, especially
within a science field (Binder et al., 2019). Students’ willing acknowledgment of a gap within
their own preparation should serve as a call for reform of biology education everywhere.
Educators should not stand by as students are recognizing this lack of preparation on a topic.
The students’ scores on the CINSI confirm that, even with college instruction, they still
failed each principle and the overall concept of evolution. Those scores indicate a deeper loss in
connecting students with these concepts on the colligate level. While it is understandable that
these are BIO 101 students who have most likely not chosen biology as a major, however, they
should not be eliminated from the possibility of finding something within the sciences that they
connect with. Perhaps BIO 101 opens a door for a student who never would have considered
biology, but now they find it interesting perhaps because of an outstanding professor or a
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fascinating concept. Educators have the power to stoke the fire in that student and perhaps they
do change majors later. If nothing else, students should be well educated on these topics for dayto-day living and decision making.
Watching or reading the news, discussing the Coronavirus with colleagues, friends, or
family, one does not have to go far to see the massive amount of confusing information. At
times, the scientists in charge may even seem to contradict themselves. However, what the world
witnessed over this past year was the very nature of science at its core. They were watching
science and scientific discovery happen in real-time. The changes in recommendations from one
week or month to the next confused some and frustrated many because we seek truth. However,
science is an adapting and ever-evolving truth that builds on what was done to provide for
something better in the future. Students who are not well prepared in science are more likely to
be confused and easily misled when science is happening all around them.
Students also believed that their high school biology teachers had higher knowledge of
evolution than acceptance of it. Teachers should be aware of how their biases and perspectives
affect their students’ perceptions of them. A teacher’s knowledge of evolution and ability to
convey that knowledge to students is essential to student success, but a teacher’s bias against an
aspect of science has the power to negatively impact students. There was strong correlation
between the perception of teacher knowledge and acceptance among students which
demonstrates that students believe the two aspects are deeply connected. That relationship has
been supported by other research and has been directly linked to the amount of time an instructor
teaches the topic (Rutledge & Sadler, 2011). However, this study has shown that connection
through the eyes of students which had not been presented in the research previously. Students
did not believe very highly in their high school biology teachers’ knowledge or acceptance
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showing another area for growth. The lack of knowledge and acceptance by teachers could lead
to further confusion on the topic for students and needs more support.
Also, the literature had a gap in addressing the individual principles of natural selection.
Darwin outlined these main principles as the foundation from which natural selection and
evolution radiate. Therefore, without proper understanding of these principles, grasping the
concepts of natural selection or evolution will be lost. The principles of variation, inheritance,
overproduction, and reproductive success are not addressed individually within the literature.
This study found that all four of the natural selection principles and overall concept were
challenging to students. The worst score was the overall concept of evolution and natural
selection (33%) followed by the inheritance principle, then variation, then reproductive success,
with the highest score (65%) on overproduction. Students were clearly not prepared for this
concept even following college instruction.
The variation principle states that individuals within a population have unique, inheritable
traits such as eye color or strength of immunity. The students from this study are not prepared for
natural selection principle of variation based on their own perceptions and academic performance
on the CINSI assessment on variation. Without a clear understanding of variation and how
individuals have unique traits, students will struggle to understand how those traits then shape
their ability to survive and reproduce which is the driving force of natural selection. Variation is
a foundational aspect to the understanding of natural selection.
The principle of inheritance states that each individual has various traits that are
genetically determined and passed down from parent to offspring. The students from this study
are not prepared for natural selection principle of inheritance based on their own perceptions and
academic performance on the CINSI assessment on inheritance. Without this knowledge of
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inheritance, students will not be able to conceive of how traits emerge within a population or
how the frequency of those traits can change based on survival within a given environment.
When a particular trait is crucial to an individual’s survival and then gets passed down to its
offspring for their benefit, that is a driving aspect of natural selection. Overtime, those passed
down traits can reshape an entire population into a new species and that is evolution. However, if
students cannot conceive how traits are properly passed down, increased or decreased in
frequency within a population, they will lose their ability to understand evolution.
Overproduction principle states that there are more offspring within a population than
there are resources to accommodate them. This principle introduces the struggle for existence
and the need for competition. The students from this study are still not prepared for natural
selection principle of overproduction based on their own perceptions and academic performance
on the CINSI assessment on overproduction. Students performed better on this principle than any
other principle, but they still have much room to improve. Without a firm understanding of
overproduction, students will tend to miss the competition that drives species into the selection
of the better, faster, stronger traits that aid in survival. This selection is what allows species to
thrive or perish under a given environment and as those environments change, so too does the
selection.
The reproductive success principle states that, if a trait aids an individual in surviving to
reproductive age or finding a mate and then mates, that the trait will be faithfully passed down to
offspring. If students do not have a strong understanding of this principle, then they will miss the
necessity of variation, inheritance, and overproduction all in one. The individuals must be
different (variation) and those traits will either help them to survive or not (overproduction) and
then if the trait does help them survive then it will be passed down (inheritance). Reproductive
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success is at the heart of natural selection and encapsulates the other principles. If students do not
understand this aspect, then they have missed many of the others.
Evolution is the product while natural selection is the process by which change in a
species or population occurs over time. When students are underperforming, on average, for each
of the four principles, it is not surprising that the overall concept has a low score too. The
students from this study were the least prepared for natural selection based on their own
perceptions and academic performance on the CINSI assessment on variation. Clearly, students
are missing the ties between natural selection and evolution; however, one cannot exist without
the other. If students cannot see how natural selection principles work on a population, then they
will be unable to see how evolution works from the past, here in the present, and even into the
future of all species.
With this data, educators and potentially curriculum advisors can design new, innovative
ways of addressing the lost knowledge for each necessary principle. This study filled this gap by
asking students their perceived level of preparation on each of the four principles and measure
that against their scores for that principle on the CINSI. This research collected findings that can
help inform future research as well as future developments in science curriculums. Clearly from
this research, all the principles, including evolution overall, need more support in the secondary
education level.
The need for this research was based on previous literature that showed the negative
consequences that a lack of evolution knowledge can have on students when entering biology
courses in college (Binder et al., 2019; Carter et al., 2015; Holloway, 2010; Moore et al., 2011;
Rutledge & Sadler, 2011). There was a need to address the possibility that some of the principles
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may need more support than others for student success. From the research, it appears they all
need more support, but variation and inheritance need the most support.
Discussion and Recommendations
The desired outcome for this study was to determine if there was a statistically significant
difference between the perception of preparedness for the individual principles of natural
selection, and natural selection as a whole, with the academic performance on the CINSI
assessment. The study found statistically significant data for accept four out of the five
hypotheses. There is a difference for the principles of variation, inheritance, overproduction, and
evolution regarding perceived preparation and academic performance. However, the hypothesis
was rejected and there is no clear statistical difference between reproductive success and the
level of perceived preparation on reproductive success.
On the one hand, this data makes sense given the study; it compared college academic
performance to a perception of preparedness from high school. It is logical that these two
variables would not be similar. Having just completed the BIO 101 course, students now had a
fuller understanding of the principles and could more accurately measure their preparation
coming into the course. The reproductive success principle, however, had too few differences to
be considered statistically significant, which is why that hypothesis had to be rejected.
On the other hand, there are a few other possible explanations for the differences in the
two sets of data. First, students could have scored their high school preparation as very low but
performed well on the CINSI perhaps due to the new instruction they had just received. If this
were the case, the disparity between perception and performance would be great. Secondly, the
opposite is also true; students could have thought the world of their high school biology
preparation then scored poorly on the CINSI perhaps because college is much more challenging
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than high school. Thirdly, students are not necessarily reliable regarding the memory of a class
from their freshman or sophomore year of high school.
The students in this study more often thought that they would perform better or worse
than they performed which suggests a lack of self-awareness regarding this topic. More of them
were overconfident in their abilities than underconfident suggesting that they have more
confidence than perhaps they should on evolution. However, very few actual scores were wildly
off their predicted score demonstrating some level of comprehension.
Students failed all portions of the CINSI and had an average overall score of 10.3 out of
20 (52%) score. This is even with their BIO 101 course having just concluded their teachings on
evolution and natural selection principles. Therefore, students struggle with this topic and are ill
prepared for it coming in from high school. It is the recommendation of this researcher that more
data be collected on student preparation in high school on evolution and how teachers present the
material. Participants had only slightly above 50% confidence in their high school biology
teacher’s knowledge and acceptance in evolution, showing another area for improvement. Also,
this data could serve to address college instruction on the topic given that students failed even
though they had just received recent instruction on evolution.
To encourage change regarding evolution concepts, teachers need further support that
begins while they are in college. Within the education department at universities, there should be
a program in place for those secondary teachers who plan to teach biology, or other science
fields. Research recommends lesson plans and a possible curriculum or semester course
specifically geared toward how to teach the more socially controversial topics of science to
young people. That course would include a two- or three-day seminar that brings science
teachers together from the area. Those teachers would share their stories, successes, and
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struggles in the teaching of difficult topics with future educators. The teachers would share
hands-on activities, labs, and lessons built around evolution and each of the four natural selection
principles. Teachers would also share their experiences in dealing with push back from parents,
administration, or the community and some advice on how to handle that push back. When
discussing these topics with students, difficult questions may arise, and teachers would share
their way of navigating those discussions. Finally, teachers would provide a network of emails or
phone numbers to future science teachers for them to be contacted if they had questions or
needed further support.
Future educators would be taught how evolution can be taught in high school and be
better prepared for the almost inevitable pushback they will receive upon entering a school
system. One of the best ways would be to discuss with teachers what they will most likely
encounter, discuss the controversy, provide a forum for teachers to be able to voice their own
confusions and concerns then provide resources to help them. Change will begin when teachers
are given all the facts then empowered to use their voices for positive change within their school.
Biology college professors may need some further guidance as well regarding their
methods of teaching on evolution and natural selection principles. The freshmen students from
this study had just completed their evolution education when they were given the CINSI
assessment. Without a pre-test, this study is unable to provide well-defined growth, but given the
overall average score (52%), many students still do not grasp the concept. College biology
professors should provide the CINSI before and after each semester and analyze the four natural
selection principles to better surmise the growth and effectiveness of their teaching style on
evolution material. Furthermore, administration should hold college biology teachers
accountable for growth in this area due it clearly needing more attention. Professors should
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report the CINSI pre and post material data to their administrators and show well-defined growth
over the semesters.
On the receiving side, students need a better, earlier introduction to evolution and the
principles of natural selection. A curriculum to introduce small aspects at the elementary level
then slightly more advanced in the middle school, then finally the whole concept in high school
is the recommendation of this researcher. In this way, teachers can utilize Bloom’s Taxonomy
for students regarding evolution and then students will simply grow up understanding and
developing their knowledge of the topic (Bloom, 1956). The younger students are when they are
introduced to a new idea, the more malleable they will be to it (Tickoo, 2012). Elementary
introduction to evolution would include family trees and trees of life showing the relationship
that different animals or plants have with one another. Then later showing that some of the older
species are like the great, great, grandparents of species today. In middle school, students could
begin learning the vocabulary surrounding this topic such as evolution, natural selection,
variation, and the other principles. Middle school students could start learning about the struggle
for existence that exists in the wild and how that has an impact on species today and tomorrow.
Educators can inform students of the social controversy and discuss the implications of
these findings within religious teachings. However, educators should be clear that just because a
concept maybe socially controversial, does not make it scientifically controversial (Reiss, 2008).
Students who are made aware of the social and scientific dilemma within evolution and are given
the proper channels to voice their viewpoints, have the capacity to grow in knowledge and
acceptance. When teachers are taught how to properly wield that discussion, support it with
scientific fact and discovery, then remain respectful of student religious beliefs, a real
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conversation may emerge that sparks curiosity in students. The ultimate goal is to encourage
scientific exploration in students that leads them into a future STEM degree and profession.
On the professional side, the research also recommends the compiling of resources to
provide educators, possibly at a professional development/seminar event. These resources would
include lesson plans, hands-on activities, labs, and assessments all designed to aid teachers in the
teaching of evolution and the individual natural selection principles. Some of those resources
may include the Nova Special documentary titled Judgement Day: Intelligent Design on Trial,
which reviews the Dover, PA court case of the teaching of intelligent design in the classroom.
Another resource could be a bird lab that this researcher designed years back which shows
variation and overproduction principles as well as natural selection overall with simple supplies
in the classroom. Other resources would be gathered from manufacturers and tested for
effectiveness in the classroom setting then given to biology teachers. The goal is to provide
science teachers with as many useful resources as they can use and the network of support when
they have questions or need to reach out when confronted with a challenging parent or
administer.
Practical Significance
The findings of this study were not surprising especially due to the location of the
university in which the participants attended. The south/southwest region of the U.S. is known
for having a great deal of religious influence and a strong belief in tradition (Freeburg, 2018).
Change, whether brought on by science or some other entity, is not usually encouraged or
embraced. Students and teachers who most likely grew up in the area, have probably had
struggles with evolution in their classrooms. That struggle may have manifested in the topic
being altered or removed completely from biology classrooms. In fact, this researcher was not
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taught evolution in high school and personally understands the implications that can have on a
biological, college career.
To encourage scientific curiosity in a young student, science teachers must be wellequipped in teaching all aspects of science, even the controversial aspects. Teachers must be
knowledgeable enough on their topic, strong enough to stand with the facts, clever enough to
promote good classroom discussion while fostering respect. To do that, teachers must be taught
how to do so. Without proper resources when teaching future science educators, they are likely
to be blindsided or overpowered by those with stronger convictions or those who do not like
change. When students see their teachers defending the science that they teach, students could be
more likely to believe in the power of science and what it represents. In turn, this could improve
a student’s views on science and perhaps their interest in it. Then a student embraces a STEM
degree for all its wonders, struggles, and changes instead of running from it. No one knows what
these students who embrace STEM might end up accomplishing.
P-20 Implications
The four pillars of the P-20 program are leadership, diversity, innovation, and
implementation. This study requires all four of those pillars in action to be effective. Leadership
will be needed to bring these ideas into school systems and begin the discussions of something
different. Change is not easy and therefore this work will require leaders to step up and be
willing to take on something new for the benefit of teachers and students. Diversity will be
necessary to make a program for teacher and student support applicable all schools and various
school districts. What works for one school will most likely not be the silver bullet for all schools
and the more diverse the people sitting at the table are, the more success a supplemental program
will have.
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Innovation will be necessary in the development of the right program for each school.
This could look like a training for biology teachers over the summer in a professional
development. A science professional development event could provide classroom resources and
discussion groups for biology teachers wherein they could connect with each other and voice the
pushback they have received and any useful tips they have found to combat it. Or it could look
like a community forum with major stakeholders, following the adoption of a new science
curriculum, to garner the proper buy-in from the community. There is a positive correlation
between community relationships to science and the success of young people from that
community in a science field (Berkmann & Plutzer, 2011). The innovation could also be at the
college level wherein a course is developed for teaching future biology teachers how to educate
on socially controversial topics. That way, when confronted with public or administrative
pushback, new teachers will be prepared.
The implementation of a support program will take time and accountability from faculty,
administration, and the community. Research is the cornerstone of implementation and future
research can inform a community on whether their evolution education support program is
working for them or not. Implementation is sometimes difficult to begin and then to measure
whether a new program is successful. However, if the data shows the need for change within a
school’s science program, then changes need to be made. If schools could use research to see that
a new program is working for their school, then perhaps basing a school’s decisions on data and
research would become more common place.
Limitations of study
The research presented here has a few limitations; the first of which being the sample size
and population. Having 96% of the population engaged in this research was encouraging,
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however, the researcher did not consider where all these participants attended high school. The
researcher assumes they were from various high schools in the area and perhaps from a 2-3-hour
radius, but there are no indications that this is true. In the future, it is a recommendation that the
high school is a requested demographic on the survey.
Next, the limitation of the participants themselves and their earnestness in taking the
survey must be considered. The five bonus points that students were to earn was in no way based
on the score that they earned on the CINSI, and therefore, cannot be assumed that each
participant took the survey as seriously as all the others. It must be considered that some students
may have completed the survey quickly and without thought rather than considering each
question, one at a time. In the future, it is recommended that students write out their answers to
gain more insight into their thought process. This will likely lead to lower participation but can
provide deeper insight.
Thirdly, there is a limitation on their CINSI scores being compared with their beliefs of
preparedness from high school. Students had just completed the evolution and natural selection
portion of their BIO 101 course and could have scored higher on the CINSI than they would
have before that instruction. To compare their beliefs of high school with their knowledge in a
college-level course is a limiting factor in this research. It is recommended that students be given
this survey before and after their BIO 101 course to compare that data instead of high school
beliefs with college academic knowledge. Conversely, this may have been the best time to
measure student perception of preparation due to them having just finished the material in the
BIO 101 course. Being taught this information at the college level may have allowed them to
better reflect on how prepared they really were for the information. If students were asked how
prepared they were for these aspects of evolution before taking the college course, their
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responses may have been different, but having just been exposed to this material at the college
level, they can more accurately account for what they knew coming into the class and what they
did not.
Fourthly, it is the recommendation of the researcher to analyze pre and post CINSI data
to each other and student perceptions of high school preparation and college instruction to each
other. This is a matter of statistically analysis and pairs the nominal with nominal and ordinal
with ordinal data. The organization of which, makes for much more compelling analysis. The
post BIO 101 perception questions could also provide insight into the instruction students are
receiving and provide possible areas for research or improvement.
Finally, there is a mild limitation in that the key for the CINSI can be found online. Only
six out of 162 students scored a perfect 20 out of 20 on the CINSI, but it still must be considered.
Students could have accessed the survey at the same time they had the answers pulled up. A
recommendation for this would be to provide the survey in person rather than online and have
the opportunity in class one day rather than open for multiple days. Again, this may lead to fewer
participants, but the data cannot be so easily falsified that way.
Recommendations for future research
This study desired a deeper understanding of the relationship between student perception
on natural selection principles and their academic performance. While variation, inheritance, and
overproduction natural selection principles presented a clear difference between these two ideas,
reproductive success did not. The underperformance of students on the principles and overall
concept of evolution suggests a profound need for future support and likely more research.
Finally, the perceptions students had of their high school biology teacher’s knowledge and
acceptance of evolution was disheartening.
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For future research, it is recommended that the CINSI be provided to students before and
after their BIO 101 course in which evolution is discussed. This can provide data for how
effective college instruction is over the topic of evolution and how much growth, or lack thereof,
during the semester. Furthermore, it can help professors identify the principles of natural
selection that students are in particular need so as to provide more attention. This research shows
that some principles were better understood than others, perhaps more research could add to that
understanding and show a stronger pattern.
Gather high school data on perceptions of teaching preparations following biology class.
Then analyze that data against college students taking biology from non-majors and majors. This
data could provide insight on how student perceptions change based on their teachers, their age
and their choice of major. Perhaps students who love science always rate their
teachers/professors highly and the opposite is also true; perhaps not.
Provide the CINSI before and after instruction in an entry-level biology major’s course
such as BIO 201 or the like. These are students who have chosen to pursue a STEM degree
therefore, providing them with the pre and post assessment will provide insight into the
effectiveness of instruction provided by those professors. This data can also show growth on one
natural selection principle or another. Then this data could also be compared with non-major’s
data to review for patterns. Compare this data against the evaluation students had of their
professor and the perception the professor had of their effectiveness in teaching evolution to
identify learning gaps.
Secondary biology educators have been studied for their knowledge and acceptance of
evolution and have shown that the deeper their knowledge and acceptance go, the more time they
spend on teaching evolution in the classroom (Aguillard, 1999; Kose, 2010; Rice, 2012).
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However, there has been no research provided on their perception of their performance in
teaching evolution and the natural selection principles individually. If teachers could rate their
performance in teaching evolution and have that measured against the student’s perceptions of
preparedness, perhaps there could be more areas for growth. Recommend giving perception
questions to students and teachers within the same group to help identify learning gaps.
Ethical Concerns
There are a few ethical concerns regarding this study. First, that there is the potential for a
student who participated could have been failing and under the impression that the bonus points
they would earn from participating would grant them a passing grade. This could cause that
student distress and then regret in taking part in the study. However, the study outlined that
bonus points would be awarded regardless of performance on the CINSI and would be added to
their grade; nothing would be deducted from them. At no time were any guarantees of a passing
grade made to the students who chose to participate.
The next ethical concern is that students did not discover the grade they actually earned
on the CINSI. Perhaps students were under the impression that they would get to learn their
grade, but as their bonus points were not tied to it, they were not told. This could have potentially
upset some of the participants, especially if they wanted to see if they had predicted their score
accurately.
The last ethical concern is of a religious nature. The potential exists for someone to have
taken part in this study or read this study and believe that it is wholly atheistic in nature and
denounces any deity or higher power. This study humbly submits that a person’s religious
convictions are their own and has no intention of showing any measure of disrespect toward
those beliefs. The purpose of this study was merely to show the importance of teaching evolution
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by means of natural selection for teachers, students, and the future of the science fields and to
add to the breadth of science; not to tell anyone how or what to believe.
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Informed Consent
Investigator: Amy E. Bell
Faculty Mentor: Dr. Justin Brogan
Date: _________________
Study: AN EVALUATION OF COLLEGE PREPAREDNESS ON NATURAL SELECTION
PRINCIPLES FOLLOWING THE COMPLETION OF AN ENTRY-LEVEL BIOLOGY
COURSE
This informed consent document applies to adults.
The following information is provided to inform you about the research project and your
participation in it. Please read this form carefully and ask any questions you may
have about this study and the information given below. You will be given an opportunity to ask
questions, and your questions will be answered. Also, you will be given a copy of this consent
form to keep.
1. Purpose of the study: To research student perceptions of preparedness on natural selection
principles following the completion of BIO 100/101 course.
2. You will be asked to answer questions concerning Natural Selection and your previous high
school experience with the topic.
3. Expected cost: Students will spend approximately 20 minutes taking the CINSI and perception
survey.
4. Risks of participation: Slight discomfort possible if students are lacking confidence in their
Natural Selection knowledge or had an uncomfortable high school science experience.
5. Benefits for participation: Adding to scientific research regarding evolution education.
6. Compensation: 5 Bonus Points awarded to you on your final grade in BIO 101 by your lab
professor. The same amount of points will be awarded to students who opt to write a 3-page
paper on their evolution education submitted to the primary researcher within the same
timeframe.
7. Participation is voluntary. You may stop the survey at any point; however, bonus points will
only be awarded to students who complete the survey or the optional 3-page paper.
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8. Confidentiality: Complete confidentiality. Survey results will be maintained by the researcher
for a period not lasting longer than a year. No identifying information is obtained during this
survey.
9. Whom to contact: The researcher: Amy Bell - ahaire@murraystate.edu
10. Hit the "SUBMIT" button at the bottom of the survey when you have finished. Only
complete surveys will be awarded the bonus points.

STATEMENT BY PERSON AGREEING TO PARTICIPATE IN THIS STUDY
I have read this informed consent document and the material contained in it has been explained
to me. All my questions have been answered, and I freely and voluntarily choose to participate in
this study under the conditions outlined above. I also acknowledge that I have received a copy of
this form.

____________________________

___________________

Signature of Participant

Date

Consent obtained by: ___________________________

________________
Date

_____________________________
Printed Name
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Descriptive Survey Questions
1. Gender.
Options: Male, Female, Gender Fluid, Trans, prefer not to share
2. Age.

Enter a whole number

3. How well do you believe that your high school science teacher prepared you for the
overall concept of evolution by means of natural selection? (scale of 1-4 with 1= not very
well and 4= very well)
4. How well do you believe that your high school science teacher prepared you for the
natural selection principle of variation? (scale of 1-4 with 1= not very well and 4= very
well)
5. How well do you believe that your high school science teacher prepared you for the
natural selection principle of inheritance? (scale of 1-4 with 1= not very well and 4= very
well)
6. How well do you believe that your high school teacher prepared you for the natural
selection principle of overproduction? (scale of 1-4 with 1= not very well and 4= very
well)
7. How well do you believe that your high school science teacher prepared you for the
natural selection principle of reproductive success? (scale of 1-4 with 1= not very well
and 4= very well)
8. How confident were you in your high school biology teacher’s knowledge of the theory
of evolution? (scale of 1-4 with 1= little to no knowledge and 4= high level of
knowledge)
9. How would you characterize your high school biology teacher’s level of acceptance of
the theory of evolution? (scale of 1-4 with 1= little to no acceptance and 4= high level of
acceptance)
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10. What number (0-20) of correct responses do you believe you have earned on this Natural
Selection Inventory assessment? (provide a number of perceived correct responses out of
20 possible correct answers. Ex: provide a 15 if you believe you answered 15 out of 20
questions correctly.)

